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PROPOSEDR HETHODE OF REDUCING THE CABLRE
LOAD ARD TENSIOR OF HIQOH.SPERD TOWING TARGETS

SUMMARY

The prasent report analyzes the inter-relationship be-
tween the drag of & targes and ceriain properties of the towe
ing cable, namaly, its diasmeter, length, weight, drag, tension
and lopd. &5 a result of the analysis, a method of towing
is proposed by which overall cable tension and cable load on
& target can be raducad to such an extent that:

4. The prasent G-6C Target can be towed with 7,000 feet
of towline at 30 knots, This is a considersble improvement
ovar the present maximum speed of about 20 knots with this
length of towline.

b Ths risk of casualty iz reduced,

e:. A néw design of towing target is feasible with a
diepiscensat more in proportion %o the useful load carried and
representing 8 large saving in tzrget welght and cable material.

The report slsoc examines the changes in cabls tensions
and cuble loads which take place during s 180 degree turn.
4 method of turning is proposzsed which produces practically
noe change in cable tension and cable loads, and by which a
turn cen be made 4in approximately oneethiré of the time present:
1y requirsd,

IRTRODUCTIOR

A% presend, the bresking of towing éables during target
practice results in considerable inconvenlerce and expense.
Pue to errstie behavior of the target, the cable tension at
the towing vessal often exceeds the y{eld strength of the cable,
even atl siow speeds, The strength of the cable i3, at present
the factor which limits the maximum speed of opera%ion to ahou&
20 knots. Unfortunately the strength of cable cannot be suffi~
ciently increased by uss of larger wire sizes as this would
limit tco sevarsly the maximum lsngth of cable that can be
handled by exiastimg winchas on the towlng vessels.

The demand for higher speed, and sspselally for greater
diastence hetwesn the towlng vessel and the target, has resulted
in greatly lacreased cadle luad on the target as well as cable
tenzion, This desmand, in turan, has lead to & gradual incresse
in the size of Yarget from the originsl one of 25-foot length
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to the present G-60 target of 60<fcot length. The 150,000

pounds dispiscement oi the latter is out of porportion to the
few thousand pounds of useful load carried. In addition this
target has a tendency to nose dive and capsize in service (1)%

In an attempt to reduce cable tension and improve the towing

characteristics of targets, the David Taylor Model Basin, at the
request of the Burcau of Ships (2), conducted tests on a group
of five models,of which four reprosent new designs and one re-
presents the G-60 targat.

These tests (3) lead to the conclusion that cable drag,
target stablility, and target maneuverability ars the fundamental
factors in the design of a target with improved towing charace
toristics. The target drag itself is of secondary importance.

The purpose of this report ic to analyze the present
methods used for towing targets, and to propose means by which
the cagéo tension and overall performance of targets can be
improved.

The first ssction of the report deals briéfly with some
towing characteristics of the G-60 target sled.’ In subsequent
sections the factors affecting cable tenstons-and cable loads
are discussed and methods of reducing these are proposed. The
manner of making a simple 90-degree turn 1s illustrated and the
difficulties that may arise from abrupt changes in cable ten-
sions and cable load are discussed. A method of turning is
illustrated whereby these difficulties are minimized. The last
section of the report concerns a proposed new design which
wasddoveloped in the light of the knowledge gained from these
studies,

CHARACTERISTICS OF THE G-60 TARGET SLED

The G-60 target sled has a 25-foot beam, a 60-foot length,
and a displacement of about 150,000 pounds. A3 a large number
of targets of this type are on hand, it is important tc devise
methods by which their tcwing performance can be improved, i.e,
msans of increasing the maximum speed and decreasing the number
of casualties, .

The casuazlties, which often happen at slow spseds, manifest
themsslves in nose éiving and capsizing or in a combination
of both. By reason of its construction this target cannot be
trimmed to give best results at low apeeds without adding
greatly to the total weight. According to Reference (1) some

* Numbers in parentheses indicate references at end of this
report.
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improvement has been obtained in service by adding about
14000 pounds oi baliast at the stern of the target. Perhaps
the most important factor contributing to casualties with
this design is the large cable load which, at all speeds, is
imposed upon the target. As the towpoint is located weli for=
ward of the transom, even a partial elimination of this load

will reduce the number of casualties.

The term "cable load" is used for the downward component
of the pull from the towline on the target, and is a function
of the target drag, D, and the "cable angle", ¢, The term
cable-~angle is used for the angle between the cable and the
horjzontal plan# at the target towpoint., The cable load
(D ° tan §¢) must not be confused with the cable tension at
the target, which is also a function of the cable angle,
but is D ° sec g, : .

Before focusing attention on the reduction of cable load,
the possibilities of increasing the maximum speed should be
examined, not only because higher speeds are demanded, but
also becasue the towing characteristics of a planing hull
improve with speed.

We may state the problem to be that of towing the G-.60
target at a speed of 30 knots with 7,000 feet of towline,
using the smallest diameter cable consistent with the strength
required. To this end a knowledge of the maximum cable tension
and cable load on the target is necessary.

The cable tension will always be a maximum at the towing
vessel,; because at this point the drag of the entirs length of
the towline is imposed upon the cable., As the angle of the
towline with the horizontal at the towing vessel is small at
high speeds, the maximum cable tension is practically the same
as the horizontal drag of the towline at the towing vessel,
This horizontal drag is,; obviously the drag of the target
plus the drag of the towline.

The data on cable tensions and cable loads produced by
the G-60 target when towed at different speeds and with different
lengths of l-inch diameter cables are available from Reference
(3) and are reproduced in this report with their original texts
and Figure numbers,

30 Xnots - 1-Inch Cable

From Figure 23, it is seen that the G-60 target can not
be towed at 30 kncts with 7,000 feet of l-inch cable withouy
exceeding the yield strength of this cable,
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30 Knots ~ 1-3/8 Inch Cable

The &4hle tensions and cable loads for successively larger

cable cimes wers calculated by the methods pressnted in appendiz
1. It was found that 1-3/8 diameter cable was the smsllest

which could be used without exceeding the yield strength.

The cable load (33,000 pounds) and the meximum cable tension
(119,000 pounds) for this size cable are shown in Figure la. The
cable material (25,100 pounds or 127,600 cubic inches) 1s beyond
the capacity of the present wifhes. Because new and larger
winches are not comtemplated, and because of the added difficulty
of handling this large cable, not to mention the excessive cable
loadtgn {he target, towing wi%h this size cable is considered im-
practical.

JRTIY NSRRI TE ORI I ST N I P NI G [ PP I

nes L

RN

Figure la shows, however, that the weight of thes towline can
be reduced, because the 1-3/8 inch cable is stronger than necessary
for the tensions adjacent to the target. The fact that the tensions
increase steadily along the towline towards the towing vessel,
suggests that instead of using a towline of constant diameter, the
towline be mgde up of different lengths of cables, each of the smali-
est possible diameter consistant with the strength required at its
location. Such a tapered towline would meet the strength require-~
ments, and effect an appreciable saving in weigh®, Since towing
cables are not manufactured in lengths of 7,000 feet, but are made
up of shorter lengths, the process of tapering the towline adds only
a small complication, .

30 Knotg ~ Tapered Towline

In Figure 1b, the 1-3/8 inch cable has heen replaced by a
tapered towline thereby affecting a reduction of maximum cable
tension from 119,000 to 83,400 pounds and a reduction of cable
load from 33,000 to 20,600 pounds., Although a tapered towline
results in a large reduction in cable load, it is believed that
a cable load of 20,600 pounds will interfere with the maneuver=-
ability of the target (explained in detail in Appendix 2)., Other
means must be found leading to a further reduction of this load,

-
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Examining Figure 1lb it is seen that the reductions in cable
load and tension are prircipally due to reductions in cable drag
and cable angle., Inasmuch as cable load, cable drag and maximum
cable tension, are functions of the cable angle (the form drag
of a cable perpendicular to stream is 50 times greater than its
frictional drag), the importance cf reducing the cable angle be-
comes evident., In fact, reducing the cable angle will result in
a chain of benefits because reduction of cable drag will in turn
reduce the cable angle.

As further reduction in cable size cannot be made without
overstressing the towline, the only other way; short of redesign=-
ing the target, appears to be the introduction of a carrier
or float, between the towing vessel and the target. Because
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only that length of towline between tl:eé target and the cable-

carrier can affect the cable angle at tiie farget, *he cable-
carrier will produce the same effect as a reductivn in the over

all length of towline,

Figure lc shows a cable-carrier introduced at & point
3,000 feat from the target. Compared with Figure ib the
cable angle has been reduced from 37 to 6 degrees and the
cable load from 20,600 to 2,200 pounds, which is practically
constant for all speeds. (Ses Figure 32 reproduced from
Reference (3))s The cable tension at the target has been
reduced from 34,200 to 22,200 pounds, so that ths tapered
towline can start with 3/4 inch cable and need no¥ increase
beyond 1-1/8 inch diameter, because the tension at the towing
: vessel has been reduced from 83,600 to 72,600 pounda. The
: volume of the towline is now 59,340 in lieu of 71,900 cubie

inches, thus allowing a winch o} smaller capacity. .

10 XKnotg - Without a Cable=Carrier

Since casualties often happen at slow speeds, it is of
interest to examine the cable angle and load at a low speed
say 10 knots. Without the cable-carrier and with a constan
diameter towline, Figure 2a, the cable angle is 64 degrees
and the cable load 20,500 pounds. By tapering the towline,
Figure 2b, the cable angle and load are reduced to 55 degrees
and 13,206 pounds. Experience indicates, however, that
these values are unacceptably high. High cable loads and
angles have a detrimental effect on.the maneuverabiliity of the
target at low speeds (sez Appendix 2).

10 Knots With Cable-Carriasp

By employing a cable-carrier, Figure 2¢, the cable angle
is reduced from 55 to 14 cdegrees, and the cable load from
13,200 to 2,300 pounds. Cne may consequently conclude that
a cable-carrier will improve the general performance of the
G-60 target both at high and low speeds. If it is kept
zeasonably small it should not complicate towing procedure

o¢ much,.

e T D of C Q=

ST SNV PRI IR T CORTIP STUNTR Y SR N Foi A

waus

+
R

P o B0 o A A AR S A TS0t v, s s,

e
o

it

LT A

Figure 3a shows a TMB~Design of a 20- Yoot cable carrier
with a constant beam of 8 feet, weighing about 3,000 pounds,
It 1s a craft whose planing surface nas .ines similar to those
of the TMB-60 target, which was found to bp stable at all §
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modal spedds uy‘to the highest speed tested, corresponding

to 70 knots full ssalae (V//T = Q). The small size of the cahle-
carrier is compensated by its ability to travel through breakers,
or to nose upward with a large lift-drag ratio, should it
momentarily become submerged. The resistance of the cables

to being swished up and down in the water will dampen pitching
inhsavy weather. The hull is symmetrical both in the vertical
and the lateral planes, and all of its surfaces are davelopable
from flat plates,

Two towpoints are shown, either of which can be used.
If, to facilitate handling, %he topside one is used, the cable-
carrier will turn over when the towline has suffic¢ient length,
and from then on travel in normal running condition.

Figure 3b shows a method of streaming and retrieving a
targat when a cable-cerrier is employed. This method requires
no additional equipment; but may consume some additional time,

The effect of the cable-carrier on the maneuverability of
the target and in turns is explained in detail in Appendix 2.

Models of these designs were tested during the spring of
1947 at the Taylor Model Basin (3). They are both 60-foot
targets and have the same displacement, but differ in desigh,
The BuShip's design is a boat-type target. modeled after the
PT-Boats and has a maximum beam of 22-# feet, while the TMB
target is of the sled type, and has a constant beam of 25 feet,
The TMB-60 is designed to be towed by a single cable frcm a
point on the keel-line, at the longitudinal center of flotation
(which is close to the high speed center of dynamie pressures)
while the BuShip's Design uses the conventional bridle attacho&
to the two chines about 42 feet forward of the transom,.

- - 1

As shown by Figures 26 and 30, neither of these targets
can be towed at 30 knots with 7,000 feet of l-inch cable
without exceeding the yield strength of *the cable.

30 Knots - 1-3/8-Inch Cable

8ince these designs have about the same drag at 30 knots,
the values of cable tensions and cable load for both can be
illustrated by Figure 4a, which shows the targets towed with
7,000 feet of 1-3/8 inch cable, the smaliest size of sufficient
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30 Knots - Tapered Towline

When the 1-3/8 inch ceble is replaced with a tapered tow~
line, Figure 4b, the maximum cable tension is reduced from
121 600 to 71,360 pounds and the cable load from 39,000 to

éOO pounds. The volume of the towline is rodnce&

21
129,600 to 61,600 cubic inches.

The adventage of the tapered cable is better demonstrated
by these designs than by the G-60 design. Their smaller
target drag produces a smaller cable tension at the target,
which permits the taper of the towline to start with a smaller
diameter, thus reducing the cable weight and drag. However for
the same size towline of constant diameter the smaller drsg of
these Largets produces a greater sag of the towiine than obtained
with the G=60 target, which increases the cable drag, and may
in the end produce a larger cable teansion at the towing vessel,

30 Krots = With Cable-Carrier

Figure 4¢ shows that at 30 knots a cable=carrier will re-
duce the maximum cable tension of the BuShip®s Design (A) and
the TMB-60 from 71,300 to 50,800 pounds and the cable load
from 21€800 to 1,400 pounds. The cable vciume is reduced from

)

from

61,600 to 38,100 cubic inches, thus allowing a winch of smaller
capacity.
Kn ~ ¥ Carrie

Figures 5a and 5b show the values of cable angles and
loads for these designs when towed at 10 knots with 7,000 feet
of constant diameter cable;and with a tapered towline, It is
seen that they differ in performance in that the cable anglie
of the BuShips! design is much larger than that of the TMB-
Design. The better performance of the TMB-60 is due to its
high drag at low speeds. At 10 knots the drag of the TMB-60
is more than double that of the BuShips' design.

0 Knots - With Cable-Carrier

When towed at 10 knots with a cable-carrier, Figure Sc,
the cable angle of the BuShip’s design 1s reduced to 31 degrees,
and the cable load from 13,500 to 1,400 pounds, while the
cable angle of the TMB-60 is reduced to 13 degrees and the
cable load from 12,200 to 1,200 pounds.
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The high cable loads carried by these dezigns can bs
practically eliminated by employing a cable-carrier. It seems,
however, out of reasoa to build a new target of large dimen-
sions and specifically designed to carry a maximum load of
about 40,000 pounds at its towpoint, and then employ a cable=-
carrier to eliminate this load.' In othsr words, one of the
advantages of a cable-carrier i1s that it makes it possible to
use a target, designed to carry the necessary screen load,
instead of a target which has to be designed for the large
cable load encountered in the present method of towing.

New Iarget Degiegn: TMB-50

In designing a high speed towing target, the principal
object should be a hull which can be towed at all speeds with
a minimum of casualties caused by erratic behavior of the
hull, Initial cost of construction should be secondary to
performance because the expense in delays and damage done
by Jjust one casualty may exceed any savings in the initial
cost of construction, With this in mind, the hull=lines of
TKB-50 were designed to have maximum dynamic stability in all
directions. All of the surfaces are either flat plates or
developed cones inexpensive to construct and repair, but chosen
primarily because it is believed they produce the most favorable
hull lines for a target to be steered by a towline,

Figure 5a shows a 50-foot target with a constant beam of
16 feet and a displacement of about 30,000 pounds. The hulle
1ines are similar to those of the TMB-60 target, but are spe-
cifically designed to be towed by a cable-carrier, or in lieu
thereof by a single unsupported towline of length not to exceed
4,000 feet. Its principal features are brieflys :

a. Highly developed longitudinal, lateral, and directional
stability. v g

b. Ability to swing its bow quickly, even from a stund
still, towards a new direction of the towline, without
water piling up at the chine,

¢, 3Similar to the TMB-60, its hull-lines produce comparae

tively high drag at low speeds, and low drag at high
speeds,

In contrast to the TMB=60 target, which was designed to
carry & maximun cable load of 40,000 pounds at its towpoint,
the towpoint of the TMB-50 is located well forward of the
transom. Maneuverability is therefore improved, and sail
drift reduced, see Appendix 2.

Figure 6b shows the values of maximum cable tension (39,800
pounds) and cable load (800 pounds) for this target produced at
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30 knots, when towed with cable~carrier and 7,000 feet of tow-
line.

' Appendix 3 gives a comparison of the G-60, TMB-60, and
TMB-50 targets at a speed of 30 knots gnd with 7,000 feet of
towline, when towed by the three methods discussed in this
report,

IN CONCLUSION

The demand for greater distance between the towing vessel
and the target has resulted in increased cable tensions which
limit the maximum towing speed and increased cable lcads on
the target which cause casualties. This demand has also lead
to a gradual increase in the size of target to the present G-
60 target of 60-foot length and 150,000 pounds displacement.

Assuming that a speed of 30 knots is r=quired and that
7,000 feet of towline satisfy the demand for distance between
the towing vessel and the tatrget, the advantages cf the method
of towing suggested in this report, can be judged by the
following comparisons:

a. The maximum speed of targets is at present about 20
knots. The new method of towing raises this speed
to 30 knots.,

b. At present the maximum speed of 20 knots produces a
cavle load of 14,000 pounds, while the new method of
towing produces only 2,200 pounds at 30 knots, (If
this speed was feasible with the present method of
towing, the cable load would be 33,000 pounds).

¢, At present it takes about 13,230 pounds of cable
material to tow at 20 knots, while with the new .
method 1t takes only about 12,200 pounds at 30 knots.

d. At present a speed of 20 knots produces a maximum
cable tension of 58,000 pounds (119,000 pounds, if
30 knots was fsasibie with the present method of
towing), while the new method produces 72,600 pounds
at 30 knots,

¢, The new target suggested in this report, when towed
with a cable-carrier travels with a cable load of
less than one thousand pounds at all speeds. It uses
about 5,300 pounds of cable material at 30 knots, and
effects a large saving in target weight compareé
with either the G-60, BuShips Design (A) or TMB
Design 60 targets. .
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}
\
Method Com C Cab ds

When a cable of constant diameter is employed, the method
used for determining the factors which influence target drag
and cable angle, ioad, drag and tensiocns, is given in References
(3) and (5). Substituting a tapered towline for the constant
diameter towline employed in these references would require
long and tedious computations, if all the factors were considered,
In the computation of cable loads and cable tensions of tapersd
towlines in this report, only the more important factors involved
are, therafore, included in the calculations.

Igrget Draz 2nd Cable Angle

Figures 23, 26, 30, reproduced from Reference (3), show
the values of targeé drag produced by the G-60 Design, the
BuShip's Design A, and the TMB-60 Design, when towed with dif-
ferent lengths of cable of l-inch constant diameter. Figure
32 shows the corresponding cable angles produced by these
designs, when the target drag and length of cable are known.

A formuia is needed by which the length of a tapered towline
can be reduced to a corresponding length of l-inch diameter
cable, in order that these charts may be used tc find the
targe‘ drag and, in consequence, the drag-length ratio of the
target and the towline. Knowing this ratio the cable angle

is given by Figure 32.

As weight and length of the cable are the most important
factors infiuencing the cable angle, and because the other
factors involved vary with weight and length, the following
empirical formula was develeped in which the less important
factors are ignored. Computations by this formula agree

closely enough for all practical purposes with the method
used in Reference (3).

= LoX .24 (1-124
Ll Lmo[1¢02 ( 1 )]

where:

L 1s the length in feet of the cable to be computed,
N 1s the weight in pounds per foot of the cable in
salt water,
1,80 1s the weight in pounds per foot of l-inch cable in
salt water,
d 1is the diameter in feet of the cable to be computed
(12d i1s the dia. in inches), '
Ly 1s the effective length.

-11-:
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Cable Load and Cahle Taneion at tha Tansad

When the target drag D and the cable angle are known,
the cable tension at the target is also known, since

Detan @ = cable losd, and
D e sec @ = cable tension at target

Drag of a Tapered Towline

The effective length (computed by the above formula)
used to determine the target drag and the cable angle cannot
be used in the same manner to determine the drag of the tapered
towline, because the predominant. factors influencing the drag
are the wetted areasand the cable angle.

To facilitate the calculations of the drag of a tapered
towline a chart, Figure 7, 1s shown which gives the drag in
pounds per foot of different sizes of cables for cable angles
varying from zero to 70 degress. The cable drag at zerc cable
angle is given by %6§.'2 od V¢ which is the tangential

2

friction force in pounds per foot,

where,

%;g is an arbitrary constant (the same for all sizes of
0 stranded cables),
p 1s the mass density of water
d 1s the cable diameter in feet (12d 1s the dia. in
inches),
V 1s tne speed in feet per second.

Tans t Towi Vesse

The drag of the towline plus the drag of the target is the
horizontal drag at the towing vessel., As the angle of the tow=
line with the horizontal is always small at the towing vessel,
the horizontal drag and the cable tension at this location are
practically the same. The cable tension at the towing vessel
is, of course, the maximum cable tension in the system.

Subtracting the cable tension at the target from the cable ;
tension at the towing vessel and dividing by the length of the
towline gives a fairly accurate picture of the increase in
cable tension per foot along the length of the towline,

Sample calculations are given in examples (A) and (B).

S gwin 5 .
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Example A: A G-60 Target is towed at 30 kuots with 7,000 foet
of 1-3/8 inch constant diameter cable. Compute the valuss shown
in Figure la.

Iy » L« X [1 4 0.24 (2-12)
1 5 ( ]
1-3/8 cable; W = 3,403 1 =124 & - 3/8, Ig = 12,010 Feet

Target ﬂ;&g = D = 33,000 pounds (by extrapolation of Figure 23)

_?_.: 2»?

I

Cable Angle at target, ¢ = 45 Degeses (from Figure 32)

Cable Load w 33,000 x tan 45° = 33,000 pounds

Cable Tension at Target = 33,000 x sec 45° = 40,700 pounds

Drag of Towline = 7,000 x 12.3 = 86,000 pounds
{from Figure 7)

Horizontal Drag at Towing ¥Uessel = 000 & 86,000 = 119,000
goun s fvirtually mgximum cablg3§ension) ’ ?

PN | B st ¥R e S L, 2 8 i At e bR 2 Bads M NSER Rea0

Increase in cable tension along the towline = 10.33 pounds
per foot.

Example B: A G-60 Target is towed at 30 knots with 71000

FARIR IR AW AN 0y 0acr o W b s 7

feet of tapered towline.Compute the values shown in Figure 1b,
1800t of 7/8" Cable; W= 1.39; 1-12d = ¢ 1/8; L = 1,432

1 3oo0r of 1-178% Ghble; W = 2.28; 1-12 1/8 . %’802

L of l=- able; ® 2,283 1l=-12d = «. $ Iy s 3,0

F 350' of 1-1/4% Cable% e 2, 1§ 1-12¢4 « - 174§ Li @ 1: Zl
7,000 Feet tapered cabls; Effective Length = 7,628 Feet

Target Drag = D = 27,300 Founds (From Figure 23)

% %I z 3.58

% Cable Angle at target, ¢ , = 37 Degrees (From Figure 32)

g Cable Load = 27,300 x tan 379 = 20,600 pounds
g Cable Tension at Target = 27,300 x sec 37° = 34,200 pounds
g

4 Irag of Cables

3 1800 x 6.8 = 12,240 (Prom Figure 7)

! 1800 x 7.5 = 13,500

! 2500 x 8.6 = 21,500

% 200 x 9.9 = _8,900

2 Drag of Towline 7,000 Feost = 56,140 Pounds

3

i - 13-
|

: |

i
i

Romgatrr g SVEHRAY A e L E e d




AT

Horizcntal Drag at Towing Vessel = 27,300 + 56,140 = 83,440 Pounds

\n.rr.uau.y illlllllllw caD.LO BBHEIOH)
Increase in cable tension along the towline = 7,04 pounds per foot.

Note: The horizontal dgag of 83,440 pounds can be roughly
checked by converting the wetted areas of the tapered
towline to a “ength of 1 inch constant diameter cable
with the same wetted arsza. In respect toc wetted area
the tapered-towline cvorressporgs to 7,300 feet of 1
inch cable, which in Figure 23 gives a horizontal drag
at the towing vessel of 83,000 pounds.
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APPENDIX 2

S8ince a towing target is steered by its towline it is
essential that the forward sections of the hull can swing
quickly towards a new direction of tha towline. The forward
sections must, therefore, be specifically designed for this
purpose, and {ne towline attached forward of the effective
center of the lateral plane. The farther forward the towpoint
is located, the more leverage the towline will have in swinging
or skidding the baw towards a new direction; however, the
cable load will have a greater tendency to depress the bhow,
This makes the towing target more reluctant to turn, and may
praduce & negativa. trim, which will most certainly result in
& casualty with a planing craft. )

Therefore, the larger the cable load, the farther aft
the towpoint must be located. With an excessive cable load the
safest location is obviously the longitudinal center of flota-
tion, which should be close to the high speed center of dynamic
pressures, 8o that the cable load cannot produce negative trim
angles at either low or high speeds,

In the G-60 design directional stability is secured by
towing with a bridle attached to the chines, so that the cabdble
load sppears to be equally distributed between the two.sides
of the hull when the target travels on a straight course., But
turning the target through the bridle, when the latter makes
a large angle with the keel-line, will shift the cable load to~
wards the outside chine. As the target will tend to turn to
that side which is most heavily loaded, some of the qualities
of the bridle in furthering directional stability when the
cable angle is small, may have detrimental effects on the
steering when the cable angle is large.

Inasmuch as the cable-carrier reduces the cable load and
the cable angle to small values it will considerably benefit
the maneuverability of the G-60 target. ,

Zurning the Iargets

Figure 8 shows a simple 90-degree turn to starboard, with
the towing vessel ‘turning on a radius of 1,000 feet at 35 krots.
The target is being tqwed by 7,000 feet of towline. The path
of the towing vessel is divideé into 10-second increments, so
that its position along the path 1s iknewn atf a.certain time,
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Due to the dagnus eifect produced by the lay of the strands
in the cable and the sidewise motion of the cable through
the water, the cable will rise towards the surface during a
starboard turn, and sink towards the bottom when turning %o
port. In a starboard turn the towline will tend to assume a
position tangential to the path of the target. Assuming this
to be a straight line, the approximate path of the target is
easily visuslized, an& its speed can be illustrated by the
position of the towing vessel at the 10-second increments,

The towing vessel can turn 60 degrees without causing
any appreciable change in either direction or speed of the
target. At this angle that portion of the towline nearest
the towing vessel has already undergone a sidewise movement,
so that the Magnus effect will from the beginning of the turn
carry part of the cable weight, thereby reducing the cable

le and load. .Consequently, when making a turn to star-
board the towing 'vessel can safely make the first 60 degrees
with a short turning radius, say 1,000 feet. ’

; During the next time intervals the target will suddenly
decelerate to about 4 knots and thereafter accelerate to 30
knots, uniformly, but far too quickly. As these changes of
speed may produce tensions exceeding the yield strength of
the cable, the path and the speed of the towing vessel should
be modified to produce a uniform speed of the target. The
towing vessel should, therefore, enter the turn with a speed
well below its maximum speed so that, at the time when the
.target decelerates, the towing vessei can counteract, either
by accelerating or by expanding the turning radius, or by
doing both. . )

Figure 9 shows a 180-degree turn with and without a
cable-carrier. “Without cable-carrier the target maintains
a uniform speed of about 10 khots during the turn. The
turning procedure is: .

1. S8low down to 10 knots before entering the turn.

2. Turn 60 degrees’ with-a small turning-radius, say - i
1,000 feet. , .

3. Expand the turning radius to the length of towlin

: and accelerate gquickly to 30 knots. .

4., Reverse the turn at 230 degrees until both the
towing vessel and the target have cbmpleted the
180 degree turn. :

-16-
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Bxaminine Figure 9 it is seen that the sidewlse spesd
of the cable producing the Magnus effect is high up to the

§00-gecond iacrszent% at which time the turn has practically
he

been completed, and target has accelerated to a higher

speed which improves its maneuverability. The dangerous part
of the turn, during which the target speed is low and the target
is steersd by the cable (the G-60 target through the port

leg of the bridle) is, therefore, made with both a small cable
angle and cable load, each reduced by the Magnus effect. When
this effect ceases, at the 550-second increment; and the entire
cable load of 20,360 pounds is again imposed upon the bridle,
the target is traveling on a straight course, where the load
should be equally distributed between the two sides,

To recapitulate: The principal features of this method of
turning are,

8, ghe target speed is practically uniform during the
urn

b. the ihgnus effect is produced from the very beginning
by starting the turn with a small turning radius

¢c. and the turn and the acceleration of the target lo
its maximum speed, are practically completed while
the Magnus effect is still active.

The procedure for turning described above was for a
straightaway target speed of 30 knots. If the maximum target
speed is, for instance, 20 knots, the procedure would be the
same with the exception of 4, which would reads Reverse turn
at 230 degrees and decelerats uniformly to 20 knots until both
towing vessel and target have completed the 180 degrees turn.

A 90-degree turn is obviously started in the same manpper,
but the reverse turn is made at 140 degrees,

In Figure 9 the towline is shown as a straight line from
the target to the towing vessel, when no cable carrier is used.
But when employing a cable-carrier the latter will tend to
follow the path of the towing vessel and in so doing will pull
the- target into a path having a radius larger than that which
would be obtained without a cable carrier and closer to the
path of the towing vessel. The speed of the target will, there-
fore, be increased to about 15 knots. The increased tvrning
spee& of the target will improve its maneuverability, and also
reduce the change in cable tensions at the time when the target
is accelerated to its original towing speed. 7Tne bend in the
towline resulting from the sweep of the cable-carrier will have
a damping effect on the overall cable tensions during the turn,

-17 -

D s o L S,




As the cable-carrier increases the turning speed of the target
from 10 Knots to about 15 knots, procedure 1 of This method of
turning should be changed to;

1, 8Slow down to 15 knots before entering the turn,

It is concluded that the stability and maneuverahility
of a target during turns would be much improved by the use of

a cable-carrier, and the time consumed in turning somewhat
reduced.

- 18 -




APPENDIX 3

Compariscns of target drags, cable gngles, loads, maximum

tensions, and cable materi
report, are given in the f

ailo

wing tables.

for the targets mentioned in this
The comparisons

are based on a target speed of 30 knots and a towlins length

of 7,000 feet.

Comparisons between tables show the improved

towing characteristics to be expected from adoption of the
proposed methods of towing.

I

Conventional Constant Diameter Towline

Target .  Cable Cable Maximun Cable
6:86“"""33%§3§“TS§‘A§§i‘ 33,000 1bs | 119,000 1bs _| 25,100 ibs
TMB-60 )

BuShips | 19,000 1bs | 64° | 39,000 1bs |2€4,000 1bs | 25,100 1lbs
(A) |
Japered Tuwline
Target Cable Cable Maximum Cable
Drag Angle _load C e ~Material
1G=60 27,300 1bs | 37° | 20,600 1bs | 83,400 1bs 14,500 1bs
TMB-60
_dpu§h§ps 13,100,1bs | 59° | 21,800 1bs | 71,300 1bs 12,600 1bs
JfA
Igpered Towline Supported By Cable=Carrier
Target Cable Cable Maximum Cable
Dr _Angle Load Cable Tension t -
G-60 22,100 1bs | 6° [2,200 1bs | 72,600 1lbs 12,200 1bs
TMEB-- 60 "
Bu%i%ps 9,500 1bs | 8% 11,400 1bs | 50,800 1bs 7,600 1bs
¥B-50 | Estimated | 9° 800 1hs |39,800 1bs 5,300 lbs
i 5,000 1bs




. e wm

sy e A

s 2N B 3 SRR T

N Torset Josed witn 7,000 Feel of 3o’ b5 o at
A\ S mLeery Tlazeter of saffic.e.’  t. .
/ bR Seblof et D5, 100 135 Voluse Lov, 0 L Ldn.
i AN .
° < AN
I‘ 4 4
e - - - e e - [ et e e 0 e e e e - n e -
Target (.8 - 33,000 1t SRS
H
, Sable Tenston £ 8,7y 2ts, 7 ) ‘ i
» —Cable Loud = 33,000 L5, \
i
00 . et g
. 5,600 F& -
%
ZTenaton 3 65,300 ATension : 83,900 Tension
5
I3
S
Figure 1 &
5
¢
¥

1
arpet Towed witn 7,000 Feet of "T.,. " g M
Cuble: Yeignt 14,500 1b3.; Volume 71,800 TEN ¢

3
oy N : 46,900 Tenein : 59,600 B
N N §

P

Target Irag = 17,800 1bs. -
wile Toasion = 84,100 abs, - 5 d
. Sevle Load x L0,E00 lts, q

/1600 of 2/8"Cable * of 1'Ca £ 2,500 of 177Cab1 g fet
Yisld4 : 30,000 "§iold B ec,os% eld ¢ 87,000 00t

Figure 1y

. i
Target Towed witn 7,000 Feet of "Tapered® Tuwline : an
Supported by o Cable-~Carrler, ‘.
Cabie: Weight 12,400 1bs.; Volume £3,ui0 cu.in. . N

R

i

i
Estimsted Max,Drag of Cabie-Gsrrier : $,000 Pounde e

Zanalon ;27,400 Tension © 29,600 Tension ©_ 44,600 Tanstog BKC
AN 3

- 7’ ~—
/7 B
eld; 37, etd: 30,0 teld : 50,00 N

Tarset Druc_: 22,100 1ts.
Suble Jension = 20,800 its,
Cutle Loud =  £.400 Ats

B ¥
FIGURE | - ComPARISON OF CABLE LOADS AND CABLE TENSIORSL
: . METHODS OF fowING G-60 SLED-TYPE TARGET - Speef €

<

Figure iy snoas %ne present oettod of towing the turget wi'ra ootie, W L.
constant diaseter, H

o

Figure lb {liuctrates a proposed zetnod In wnich the cire ot Lie cad BV
1s varied in actordance witn tne tensions slong tne sength of tueg ¢ L

Figure lo lluotrates a proposed wrinod in wuieh the size of tne cablfed
vuried but fn sudition esploys a cable-carrier, “

The cuzprstive cutle sizes, sectional leagtr, yleid strengtu, luads, @0
sud angle at tie target, are estizaled for u turget alspiacesent of st
pOUnUS, ond o totxl lengtn of 7,000 fuut of toaline. 7

!";
i
i
i

USSR SUU SO e i = - -




SO0V e g STRARAGL ST w2 A

wlne
< .
B
e - - h - e T
N oot
H X A
.
E 5,600 Feet
B .
b . - 90 {axizus TAr 3
§ ATessicn : £2,300  Tenaiop: 109,300 Tst.Yield Strength = ba
3,
I
§
i Flgure Ia
¢
¥
I
1
N LR 0
g cu.ia,
g Tenejon : 59,600 snslon = 77,800 axizua Tension = 59,400 lba.
_ \ o R oo o
e ) e

/ 2,300 of 1AiCable 90u! of 1-1/4" Cuble
“vﬁrr‘sr.@'ar—‘ FstoTierd Serengin = 162,00071

Figure 1n

DS,

i

pdr Tontiine
"
a0 Quelin,

M

Cable-Carrier : 5,000 Pounds

Tansion : 44,600 Tenston : 47,700 /‘!‘cnuion s 61,310 Maxisum Tensiqn = 72,600 lbs,
]
64,00

I \\ %%2 g 378 Catle W
K ald 1 50, eid 3

1,500' of 1-i/8" Catle

Ry
.
H

mnn—xu'-}m._ ;
p 3,100 F 4

Figlre l¢

gl Gy *

B

EaLe LoADS AND CABLE TENSIONS FOR THREE
SLep-Tyre TarRGET - Speed 30 KNOTS

D
R
N

O 2 P

¥

c‘ b vt of towing tue turget aitn a cavle of

sy

ped 2etnod 1n wnlen tne size gf the oable
R fte tensions along tne lengtn of tow o4:le.

ed zewned in walenh sne size of tne cadble 15 1so
4 Cable-earrier,

[

Jifectionnd lengun, sield strengtn, iosds, tensions
Potiseted for u target displacesent of 1£0,0C0
k7,000 fuel of tosiine,

b 3r 8 z8me

[ R R - R — s i o
.
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’ Figure &y

Figure 2y,

Tapget Towed with 7,0C) Fort of *Tepersd”® Tow-lina, Dimensionvd

Figure 4o

FIGURE 2 - CompaRISON OF CAGLE LoADS FOR THREE METHODS
of Towine G-60 SLED- TYPE TARGET - SPEED 1O KNOTS

Pieure 2, shows the preseat zetnod of towing tne tsrget with a cuble of
constant diudeter.

Figare 2p dllustrutes s propoced aethod in wnicn tne sfze of the calle
is varied in accordunce with tne tensions along tne length of tne towline.

Flgure 2 1llustrates a projosed setnod in wnich tne size of the cuble §s
ul=o varied dut in aadition a3ploys o calle-currier.

The cos,urative cable sizes, rectlonsl lenttrn, yield <trengthn, louds,
tensicns, i a%i..* 4t the target, ure ostizated for u target displsce-
zent of iso,ccu sounis, snd a total lengtn of 7,000 feet of towline.
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Tne wnole length of ths towline fnzluding tne cable-carrier
'——M .g_ucmmt: shoen nere, if wowld onto the drus of tne winch
r vefore straasing tne turget.
*3tr. L & W ble-Cau

Tne cable-currier is towed by its bow-painter (G) benind the towing versei.
The stern-painter (C) is wlso onbourd the towing vesuel.

1, The turget towline iz let out in the usual ssaner until A-B appesrs.

k. Attuch C to A und ease out until D-E, witn lins P, appears.

3. Aacnor F and euse out until D-E is slack,

4. Qetach E froa D una attacn ¢ to E.
S, deul in until F is slack and attsch P to R,
6. Lat out all,

*Retrieving® tue Turger with tne C.uble-Curcler, .
1, Huul ia until GE-F appears. Detacn P fros £ and anchor P.
2. Fase out until terget is towed by P. Detacn G fros E anu attach E to D,
3. Huul In (free ¥ when slack) until A-B-C uppears and cetach C fros A.
4, Haul in all,
(During tae “retrieving”, tae target tosline will probably fosl .
tne skegs of tae cable-carrie’, Tne "retrieving® snould, however,
be contiaued without .aterruption, w«no the cuble-carrier will soon
free itself, Ly twrning over on sis tck, 1n which position 1t
travels equally well,)

Figure 3n

¢ Used »ith the G-6C target the totul cable locad
on tne cable-carries is about 6,000 pounas at
:11 speeds, Since zore tnan one third of tals
noad 4s carried at the transom, tae towpoint
san safely be located so far forward.

The ssall size of the {0-Loot cuble~carrier is
cospsniated by ity ability to travel r.m'w{n
Freakers, or to nose ugrard with & large lift-drag
ratio, cﬁculd it sosentarily becoms subaerged,,

Tne reluctancy of tae cables to Le swisned up and
down in tho water will duspen pitcaing 1o hewvy
weather. The hull is symetrical Both in the verticsl
and the luteral planes, and all ity surfkces ura
davelopable from flat plotes.

E

4 ¢ - = - . Sisplacemsent Submerged s 5,600 Pounds
¥eignt = 3,000 Pounds
length of Hull proper » £0 Feot
Flgure 3a constant Bexs = £ Pest
i Designed Tris = 1/t-Degres by Btern

FIGURE 3~ TMB CaBLE-CARRIER AND METHOD OF
STREAMING AND RETRIEVING THE TARGET

Fijure 3a shuws tae TMB-Design of Cable-Carrier

Pigurs 3p 1llustrates s method of Streaming and L.
fetrieving the taiget
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Cabtle Argle = 70 Degraes
Target [tag » 7,800 pounds

Catle Load s 20,600 pounds

Saltle Angle ~ 81 Dwgrees
Target Drag = 4,500 Pounds
Cable Lowd ~ 282,000 Pounds

Figure &y
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Figure St
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Terget Irag = 5,200 Pounds Turget Drag = 2,300 Pounds
Cable Load = 1,200 Founds

Culle Loud s 1,400 Founds
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rigure 5S¢,

2 FIGURE S - CoMpaRISON OF CaBLE LoaDS FOR THREE METHODS OF TowING BuSmis' Desieh A
’ anp TMB'S Desih 60 TaRGETS - SPeED 10 KNoTs

Figure Sp shows the present setnod of towing the target with & cadle of
constant diamster.

Figure Sp illustrates ¢ ;rojosed setnod ia whicn the slze of the cable
is varied in accordance with tha tensions along the length of the towline,

Pigure Sc illustrates s Projosed settod in wtich the site of the cable
1s slso varfied dut ia addition exploys.a ceble-carrier.

The coaparative cable sizes, sectional le

umlons%md anzle at the terget

th, yleld strength, loads,
sent of

ate estisated for a target displace-
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