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PRPf0P4EMf MH~OfS OP RMLItCTNd THE CAiBLE
LOAD AND TENSIO OF HXIGH-SPERD TOWING TARGETS

SUMMARY

The present report analyzes the inter-relationship be-tween the drag of a target, and certain properties of the tow-
Ing cable, naxslt its diameter, length, weight, drag, tension
and load,, An a result of the analysis, a method of towing

is proposed by which overall cable tension and cable load on
a target can be reduced to such an extent that:

a. The present G-60 Target can be towed with 7,000 feet
of towline at 30 knots. This is a considerable improvement
over the present maximum speed of about 20 knots with this
length of towline.

b, The risk of casualty is reduced.

c. A new design of towIng target is feasible with a
displicement more in proportion to the useful load carried and
representing a large saving In target weight and cable material.

The report also examines the changes in cable tensions
and cable loads which take place during a 180 degree turn.
A method of turning is proposed which produces practically
no change in cable tension and cable loads and by which a
turn can be made in approximately one-thirA of the time presentý-
ly required.

INTRODUCTI0N

At present, the breaking of towing 6ables during target
practice results in considerable inconvenience and expense.
Due to erratic behavior of the target the cable tension at
the towing vessel often exceeds the yield strength of the cable,
even at slow speeds. The strength of the cable is at present
the factor which limits the maxlmum ppeed of operation to about
20 knots. Unfortunately the strength of cable cannot be xuffi-
ciently increased by use of larger wire sizes as this would
limit too severely th" maximum langth of cable that can be
handled by existing winches on the towing vessels.

The demand for higher speed, and especially for greater
distance between the towing vessel and the target, has resulted
in greatly Increased cable load on the target as well as cable
tension. This deunM, in turn, has lead to a gradual increase
in the size of target from the original one of' 25-foot length



to the present G-60 target of 60-foot length. The_150,000
pounds displacement of the latter is Out O6 pUoportun to t1u

few thousand pounds of useful load carried. In addition this
target has a tendency to nose dive and capsize in service (1)f

In an attempt to reduce cable tension and improve the towing
characteristics of targets, the David Taylor Model Basin, at the
request of the Buroau of Ships (2), conducted tests on a group
of five modelstof which four repr0sent new designs and one re-
presents the G-60 target.

These tests (3) lead to the conclusion that cable drag,
target stability, and target maneuverability are the fundamental
factors in the design of a target with improved towing charac-
teristics. The target drag itself is of secondary importance.

The purpose of this report is to analyze the presentmethods used for towing targets, and to propose means by which
the cable tension and overall performance of targets can be
improved.

The first section of the report deals briefly with some
towing characteristics of the G-60 target-sledo' In subsequent
sections the factors affecting cable tenstonrzsnd cable loads
are discussed and methods of reducing these are proposed. The
manner of making a simple 90-degree turn is 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
was developed in the light of the knowledge gained from these
studies.

OHFACT&ISTIC8 0? THE G-60 TARGET SLED

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

The casualties which often happen at slow speeds, manifest
themselves in nose diving and capsizing or in a combination
of both. By reason of its construction this target cannot be
trimmed to give best results at low speeds 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
14U00 pounds of ballast at t...-e 5ter oI the target. erha'ps1
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 well 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 componeqt
of the pull from the towline on the target, and is a function
of the target drag, D, and the "cable angle", ff, The term
cable-angle is used for the angle between the cdble and the
horJzontal plane at the target towpointo The cable load
(D - tan f) must not be confused with the cable tension at
the target, which is also a function of the cable angle,
but is D o sece .

Before focusing attention on the reduction of cable load,
S 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 necessary0

The cable tension will always be a maximum at the towing
vessel, because at this point the drag of the entire 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 1-inch diameter cables are available from Reference
(3) and are reproduced in this report with their original texts
and Figure numbers.

-IQ Knots - 1-Inch Cab

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

The bdle tensions and cable loads for successively larger
~~inb~~4 ^A* Uiu .. &L44 M. & -A--------------&AA-_ Icable C-i--p.3 wre calcu.lated byV Lts, U'toDs P-----6-v-eU All AppendiA 'T

1. It was found that 1-3/8 diameter cable was the smallest 4

which could be used without exceeding the yield strength.

The cable load (33 000 pounds) and the malimum cable tension
(119,000 pounds) for this size cable are shown in Figure Ia. The
cable material (25,100 pounds or 127,600 cubic inches) is beyond
the capacity of the present wiV~hes. 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
load on the target towing with this size cable is considered im-
practical.

Figure la shows howeverg that the weight of the towline can
be reduced, because the 1-3/8 inch cable is stronger than necessary
for the tensions adjacent to the targeto 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 small-
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 weight. Since towing
cables are not manufactured in lengths of 7 000 feet, but are made i

up of shorter lengths, the process of tapering the towline adds only
a small complicationo

- o0Knot&.-TaDered TowlIne
In Figure lb, 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 339000 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 mareuver-
ability of the target (explained in detail in Appendix 2). Other
means must be found leading to a further reduction of this load.

Examining Figure lb it is seen that the reductions in cable
load and tension are principally 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 of reducing the cable angle be-
comes evident 0  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 wayg short of redesign-
Ing the target, appears to be the introduction of a carrier I
"or float, between the towing vessel and the target0  Because
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"on1y thMeat -•rg•th of tow n na between the target and the cable-
carrier can affect the cable angle at tLe target the cable-

Scarrier will produce the same effect as a reductlon In the over,
~ all length of towline.

IC KnoL.. -Yith Cable Carrier

141 Figure lc shows a cable-carrier introduced at a point
11 3,000 feet from the target. Compared with Figure lb 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

Sconstant for all speeds. (See Figure 32 reproduced from
SReference (3)). The cable tension at the target has been

reduced from 31,200 to 22,200 pounds, so that th% tapered
towline can start with 3/4 inch cable and need not increase
beyond 1-1/8 inch diameter, because the tension at the towing
vessel has been reduced from 83,600 to 72,600 pounds. The
volume of the towline is now 59 340 in lieu of 71,900 cubic
inches, thus allowing a winch of smaller capacity.

1Q Knots - Without a Cable-Carrier

i 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 constant
diameter towline, Figure 2a, the cable angle is 64 degrees
and the cable load 20v500 pounds° By tapering-the towline.,
Figure 2b the cable angle and load are reduced to 55 degrees
and 13,206 pounds 0  Experience indicates, however, that
these values are unacceptably high. High cable loads and
angles have a detrimental effect on.the maneuverability of the
target at low speeds (see Appendix 2).

10 Knots With Cable-Carriet

By employing a cable.carrier, Figure 2c, the cable angleS is reduced from 55 to 14 degrees, and the cable load from
13,200 to 2,300 pounds. One 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
reasonably small it should not complicate towing procedure
too much.

~ The TKB-Design of Cable-Carrier
Figure 3a shows a TNB-Design of a 20'-oot cable carrier

j with a constant beam of 8 feet, weighing about 3 000 pounds.
It is a craft whose planing surface nas iines similar to those
of the TMB-60 target, which was found to bc stable at all



model spedds up'to the highest speed tested, corresponding
to '70 knntq f1r11 M-l21 (V/1'-m ON- ThA imzl1 4-AS ,f tHa A.hi•-
carrier is compensated by'i"ts-ability to-t-ravel-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
inboavy weather. The hull is symmetrical both in the vertical
and the lateral planes, and all of its surfaces are developable
from flat plates.

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

Figure 3b shows a method of streaming and retrieving a
target when a cable-carrier 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.

Characteristics of the BUreau of Shin0 s (Al Design and"the
TBHih eed Tow in Tar eo

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

30 Knots - l-Inch Cable

As shown by Figures 26 and 30 neither of these targets
can be towed at 30 knots with 7,006 feet of linch cable
without exceeding the yield strength ofethe c~bleo

_0 Knotgs - 1-1/8-Inch Cable

Since 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 I-3/8 inch cable, the smallest size of sufficient
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30 notsg-. Twa ed Towline

When the 1-3/8 inch cpble is replaced with a tapered tow-
line Figure 4b the maximum cable tension is reduced from
121600 to 71,330 pounds and the cable load from 39 000 to
21A6O pouads. The volume of the towline is redtc~ae from
12ý,600 to 61,600 cubic inches,

The advantage 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, th"s reducing the cable weight and drag. However for
the same size towline of constant diameter the smaller drag of
these targets produces a greater sag of the towline than obtained
with the G-60 target, which increases the cable drag and may
in the end produce a larger cable tension at the towing vessel.

30 Knots - With CableD-Carrier

Figure 4c shows that at 30 knots a cable-carrier will re-
duce the maximum cable tension of the BuSh±p's Design (A) and
the TMB-60 from 71 300 to 50,800 pounds and the cable load
from 21 800 to 1,40W pounds. The cable volume is reduced from
61,600 to 38,100 cubic inches, thus allowing a winch of smaller
capacity.

10 Knots - Without Cable-Carrier

Figures 5a and 5b show the values of cable angles and
j loads for these designs when towed at 10 knots with 7,000 feet

of constant diameter cablegand with a tapered towline. It is
seen that they differ in performance in that the cable angle
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

4• is more than double that of the BuShips' design.

10 Knots - With Cable-CqrZJjr

4 When towed at 10 knots with a cable-carrier, Figure 5c,
the cable angle of the BuShip's design is reduced to 31 degrees,
and the cable load from 139500 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 _nrried by thARA dtgnA &an hA
practically eliminated by employing a cable-carriero It seemst
however, out of reason to buil4 a new target of large dimen-
sions and specifically designe4 to carry a maximum load of
about 40 000 pounds at its towpoint, and then employ a cable-
carrier to eliminate this load., In other words one of the
advantages of a cable-carrier is 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 Target Design: ,TMIý-5

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 just one casualty may exceed any savings in the initial
cost of construction0 With this in mind9 the hull-lines of
TMB-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 6a shows a 50-foot target with a constant beam of
16 feet and a displacement of about 30 000 pounds. The hull-
lines are similar to those of the TUB-90 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 0 Its principal features are brieflyo

a. Higkly developed longitudinal, lateral9 and directional
stability.

b. Ability to swing its bow quickly, even from a stand
still, towards a new direction of the towline, without
water piling up at the chine0

e, Similar to the THB-60, its hull-lines produce compara-
tively high drag at low speeds, and low drag at high
speeds.

In contrast to the TMB-60 target, which was designed to
carry a maximum cable load of 409000 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 at2 -8-



30 knots, when towed with cable-carrier and 7,000 feet of tow-
line.

Appendix 3 gives a comparison of the G-60, TIMB-60, and
TMB-50 targets at a speed of 30 knots 4nd 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 loads 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 0

Assuming that a speed of 30 knots is required and that
7,000 feet of towline satisfy the demand for distance between
the towing vessel and the target, the advantages of 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
cable 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 339000 pounds)0

c. At present it takes about 13,230 pounds of cable
material to tow at 20 knots while with the new
method it takes only about 129200 pounds at 30 knots0

d. At present a speed of 20 knots produces a maximum
cable tension of 58'000 pounds (1199000 pounds, if
30 knots was feasible with the present method of
towing), while the new method produces 72,600 pounds
at 30 knots.

eo The new target suggested in this reportg 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 compare&
with either the G-60, BuShips Design (Al or TMB
Design 60 targets.

I
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(1) History of gd.-type towing targets with enclosed
references prepared by BuShips, Structure and Form (443)
dated 24 April 1947.

(2) BuShip's ltr QT-(3) (422-440) of 24 Feb 47 to TUB.

(3) Curry J H and Posner, Jack, "Results of Experi-
ments with Models of High-Speed Towing Targets Including
Estimates of Fill-Scale Target Drag and Cable Tension",
TMB Report 595; November 1947.

(4) Posner, Jack, "Result of Additional Experiments with
a Model of the Revised G-60 Sled-Type Towing Target", TUB
Report 630, January 1948.

(5) Thews J. G , and Landweber, L., "On the Resistance
of a Heavy Flexible Cable for Towing a Surface Float-behind
a Ship" EMB Report 418, March 1936.
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Al 41EhADIX 11 t,
Methods of COmoutinz CObl. Angles. Cable ioads, and Cable Tensions

When a cable of constant diameter is employed, the method
used for dotermining the factors which influence target drag
and cable angle, load, drag and tensions, 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 tapered
towlines in this report only the more important factors involved
are, therefore, includeA in the calculations.

Taret Drag and C ~bleA

Figures 23, 26 30, reproduced from Reference (3), show
the values of target 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 1-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 formula is needed by which the length of a tapered towline
can be reduced to a corresponding length of 1-inch diameter
cable in order that these charts may be used to find the
target drag and in consequence, the drag-length ratio of the
target and the towline. Knowing this ratio the cable angle
is given b• Figure 32.

As weight and length of the cable are the most important
factors influencing the cable angle, and because the other
factors involved vary with weight and length, the following
empirical formula was developed 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).

Sz L°1 L , (l * 0.24 (1-12d)]

where:

L is the length in feet of the cable to be computed,
W is the weight in pounds per foot of the cable in

salt water,
1.80 is the Keight in pounds per foot of lIinch cable In

salt water,
d is the diameter in feet of the cable to be computed

(12d is the dia. in inches),
L1  is the effective length.

- 11 -



Cable Load and CAhlae l:a40 at +he 1 ...

When the target drag D ond the cable angle are 1mown,
the cable tension at the target is also knowng since

D •tan = cable load and
D *sec 9 a cable tension at target

Drar of a TaDered 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, is shown which gives the drag in
pounds per foot of different sizes of cables for cable angles
varying from zero to 70 degrees. The cable drag at zero cable
angle is given by .• od V which is the tangential

friction force in pounds per foot,

where,

6 is an arbitrary constant (the same for all sizes of

stranded cables),
P is the mass density of water
d Is the cable diameter in feet (12d is the dia. in

inches),
V is tne speed in feet per second.

Cable Tension at Towing- Vessel

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).

-12-
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Example A: A 0-60 Target is towed at 30 knots with 7,000 feet
i of 1-3/8 inch constant diameter cable. Compute the values shon

in Figure Ia.

£L, , L [1 4 0.24 (1-12d)

1-3/8 cable; W x 3.40; 1 -12d = - 3/8, L1 : 12,010 Feet

Target Drag a D a 33,000 pounds (by extrapolation of Figure 23)
D L 21 5

Cable Angle at targety z 45 Degeees (from Figure 32)
Cabý1,e Load • 33M000 x tan 450 a 33,000 pounds
Cable Tension at Target a 33,000 x see 45P a 49700 pounds
Drag of Towline - 7,000 x 12o3 % 86,000 pounds

(from Figure 7)
S Horiznta Dia at Towing Vessel - 33 000 * 86,000 z 119,000

OUA Vrtuily maximum cable tension)

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

Example B: A G-60 Target is towed at 30 knots with 7 000
feet of tapered towlineoCompute the values shown in Figure lb.

18000 of 7/8" Cable; W a 1.39; 1-12d N 4 1/8; L, a 1,432
1800' of 1" Cable; a 1,800
2500' of 1-1/8" Cable; W : 2.o8; 1-12d -. l/8; 1 % 3,075
9001 of 1-1/4" Cable; W , 2o81; 1-12d . - 1/4; L1 a 1,321

7,000 Feet tapered cable; Effective Length a 7,628 Feet

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

L3.58

Cable Angle at target, v , 37 Degrees (From Figure 32)
Cable Load - 27,300 x tan 370 : 20,600 pounds
Cable Tension at Target - 27,300 x sec 370 3 34,200 pounds

A• Drag of Cables

1800 x 6.8 a 12,240 (From Figure 7)
1800 x 7.5 = 13,500
2500 x 8.6 a 21,500

Drag of Towline. 7,000 Feet - 56,140 Pounds

-13-



Horizontal Drag at TowingVessel n,27,300 4 569140 a 83,440 Pounds

Increase in cable tension along the towline - 7.04 pounds per foot.

Note: The horizontal dyag of 83,440 pounds can be roughly
checked by converting the wetted areas of the tapered
towline to a 'ength of 1 inch uonstant diameter cable
with the same wetted area. In respect to wetted area
the taperid-towim -correspon4s to 7,300 feet -of 1
inch cablq which in Figure 23 gives a horizontal d-.ag
at the towIng vessel of 83,000 pounds.

/
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APPENDIX 2

aneuverabilitz of_ TaretI

teerin ,the .Target

Since 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 the towline. The forward
sections must therefore, be specifically designed for this
purpose, and the 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 bow towards a new direction; however, the
cable load will have a greater tendency to depress the bow.
This makes the towing target more reluctant to turn, and may
produce a negative- trim, which will most certainly result in
a 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, so 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 cable
load appears 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.

Turning the Targets

Figure 8 shows a simple 90-digree turn to starboard with
the towing vessel turning on a radius of 1,000 feet at 30 knots.
The target is being tqwed by 7 000 feit of towline. The path
of the towing vessel 4s divided into 10-socond increments so
that its position along the path i-e at a. certain tie.

-a5
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Duo to the Magnus effect produced by the lay of the strands
in the cable and the sidewise motion of the cable throuzh
the water,. the cable wiln rise towards the surface during a
starboard turn, and sink towards the bottom when turning to
port. IA 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 visuOIIsed, adz its speed can be illustrated by the
position of the towin, 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
angle 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 vessel pan counteract, either
by accelerating or by expanding the turning radius, or by
doing koth.

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 kIots during the turn. The
turning procedure is:

1. slw down to 10 knots before entering the turn.
2. Turn 60 degrees"wittr-a small turninfg-radiuk, say

1,000 feet.
3. Expand the turning radius to the length of towline

and accelerate quickly 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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V.==4 n4"& Figure 0 it .f seen that the sidewise peed
of the cable producing the Magnus effect is high up to the

been completed, and the 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 steered 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 20,300 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,

a. the target speed is practically uniform during the
turn,

b, the Magnus effect is produced from the very beginn~ng
by starting the turn with a small turning radius

c. and the turn and the acceleration of the target to
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 readi Reverse turn
at 230 degrees and decelerate uniformly to 20 knots until both
towing vessel and target have completed the 180 degree turn.

A 90-degree turn is obviously started in the same man~er,
butthe 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 knots0  The increased tirning
speea 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. The bend in the
towline resulting from the sweep of the cable-caTrier will have
a damping effect on the overall cable tensions during the turn.

- 17 -
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As the cable-carrier increases the turning speed of the target
'Oro 1- knots to about 15 knots, procedure i of this method or
turning thould be changed to;

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

It is concluded that the stability and maneuverability
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-
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APPENDIX 3

Cgmoarisonj of Tarfet DrSar, Cable AnRles, Loads. etc

Comparisons of target drags, cable &ogles, loads, maiiaun
tensions, and cable materiai, foe the tafgets mentioned in this
report, are given in the ftllowing tables. The comparisons
are based on a target speed of 30 knots and a towline length
of 7,000 feet. Comparisons between tables show the improved
towing characteristics to be expected frofl adoption of the
proposed methods of towing.

Conventio2'il Constant Diameter Towline

Target C. b e Cable Maximum Cable.frag ... n .LoAd- a ble Teso tei•.60 • 3,000119,000 lbsb
-,0 3,000 lb000 lbs 9O.lbs 21

TinB=60 I !
BuShips 19,000 lbs 640 39,0oo lbs 'W1 1 000 lbs 25,100 lbs

rapered Towline

Target Cable Cable Maximum Cable
_____O Drag Anle& -3 ad L Cabl Te n--g !haj r JAl

IG,60 27,300 lbs 37o 29600,lbs 183,400 lbs 14,500 lbs
T 1,0 s4BuSh) 1 ,.lQ0,.bs 59o 2 l s 71,300 l J

Tapered Towline SjUD!r_ý,dBv Cabjp=C

Target Cable Cable Maximum CableDra1•l Load clab.._e sin _ grtjal_

G-60 22,100 lbs 6' 2,200 lbs 172600 lbs 121260 lbsI- -... 2, 0 , - 1 ,20 -bs

BuShips 9,500 lbs 80 1,400 lbs 509800 'bs 7,600 lbs(A)
IiB5O j Estimated 90 800 lbs1 1399800 lbs 5,300 lbs

l-1 - __ _
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FIGURE I COMPARISON OF CABLE LOADS AND CABLE TENSI L

*METHODS OF rOWINr, G-60 SLED-TYPE TARGET - SPEE

Figure it. :,no~s tCC.C preseat Cuti.od odf toeing tne L"rget t.-r a t".ie
consta:,t diumvter.

Flaure lb ll,.ýtr t.Žsca IC sed ct:.od in %nle, tCue clzec tn1 '.lcat1
i3 varied 1:'. a-ordýajje %i~ tnott tv.,sloos ulone tie ien,;t: of twi c tit

F.,L~ure Ic illL..tr,,tua a proposed .eýtnoa it. wgricn tne size Cf tile cCab ad
vhried hCit in .auditionl eziloys a Cible-carrler. a

Vie cozm;Crative Cd,lt~e sizes, soctinlfl. I1flgti., yie~d btren6t, ""# It C
and rile at ta;e targ~et, ,r-e ebtlz.ted for u t.reet ais,-laacezzeent off t
jpow~is, ond- a total Ieonof 7,C0OU J`.t of to.11ne. 7
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FIGURE 2 - COMPARISON OF CABLE LOADS FOR THREE METHODS

OF TOWING G-60 SLED -TYPE TARGET - SPEED 10 KNOTS

ý'Iure R. snow- the prese.dt setnod of toslnd the tarzet with a cable of
constant diameter.

Figire 2b~ Illustrates a propos~d method tn wrier. troe size of the chtble
13 vari ed in a"cordanev Wilth tne tenslonz 4long the length of the towline.

Figuro 2c illustra'tes a yroj~osedametnod in which the size of the cable is
ul-o vvrie,; but In add 't on e13poY3 oL~e -c~rrler.

. e cdz:,uratlve Chile bi4es, tectlon..1 len-ttr:. yield Otrenontl, o.,
tenslons, n.o a,.. t the target, are 0stizuted for a target dIsplace-
zesnt of I50O,. - and a total length of 7,000 feet of to-line.
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A/I toe whole length of the towline including the cable-carrier

attach'ent', aown here, i sound onto the drum o the wf ch
"efore streasing tMe target.

"StreardneP the Target with the C.ble-Carrier.

The cable-arrner is towed by its bow-Wainter (0) behind the toeing versel.
The star.-_.ainter (C) Is e!Ito or.bOurd the towing ves•ol.

1. The target towline Is let out In the Usual earnoer until A-B appears.

L. Attach C to A and ease out until D-E, sith line Fs appears.

4. Ancnor F and ease out until D-E Is slack.

4. Qotach E from D and attach 0 to E.
5. t.ul In Until F is *lack and attach P to 3.

6. Let out all.

*Retrieving* tite Tora.t with the •C•l*-Cur,,ler,

1. Haul In until 0-9-F appears. Detach F from E and anchor F.

2. FAse out until target Is towed by F. Wetach 0 from E anu attach E to D.

K3. aul In (tree F when Black) until A-B-C a/jpears and cotaca C froe A.

4. Maul In all.

(DOurN the -retrievingw, the target towline will probably fool
the skceS Of the cuble-carrle-. Toe "retrieving snould, however,
be continued without aterruption, .no the cable-carrier wll• coon
free Itself, by turning over ot. its t Ck, in which kOsitiOh It
travel& equally well.)

Figure 8h

C Used Ath the G-60 target the total cable load
on tWe cable-carrler Is about 6,000 pounds at

11 speeds. Since zore than one third of this
".oad 's carried at the transom, tue towpolnt
Juan safely be located so far forward.

_________t The "wel size of the CO-foot cable-carrIor Is
comPensated by Its ability to travel tnrough

,reakers or to nose upsard with a large i ft-drag
ratlo, chculd It emoentarily becoe subaerged.*

Z•1zuLJnakL Lta e The reluctancy of too oal0es to be swi•n•d us, and
down in the water willd epen yitcaing In heavy
weather. The hull Is csetrical both in the vwrtical
and the lateral planes, and all Its AUffCecs era
dowelopable trce tlat platea.

""- -1eplacemnt Submerged . 5.,600 PoWm*C
Weight - 3,000 Foundo

Length of Hull proper - 80 Feot

FigureCstant Ft

Designed Tr-In i/k-Degree by .tern

FIGURE 3- TMB CABLE-CARRIER AND METHOD OF

STREAM11MG AND RETRIEVING THE TARGET

Figure 4a shnws the M-De-Igl of Cable-Carler

FMgure ft Illustrates a aethod of trMeaing and

IRetrievi•g the tatget
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E!stimetAd mar, *w pt ofCae~t.caior 1 5,000 rmujnA.

T? Clo Z900 TanionT22106 C16 *-2

T4.,~et Dr&%3 9,500 lbs. -0

'~.LleTsnl~n 9,60 ls.1.0001 of 1/L Cobl too0' of I 13" Catle /I of
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Figure 4,ý

FIGURE 4 - CompRmsoN OF CABLE LOADS AND CABLE TENSIONS F

BUSHIPS' DESIGN A AND TMB' S DESIGN 60 TARGET -

Figu~re 4,. sr,.os ti.,,- prw -tgao'u or towiflZ ti.e t~r~t *Ith A4
constant .5ia~et~r.

Fllgurc 4r; Illust-atce , ro;,o--, -etnoO In hnlo., t~aý sx,.* of t
Is varied in accurmance wiln tar tensions along I:,,, &e~nat: of t

Figure 4c ,l. .LzC .o. zeJ et:,od in ansen t.:e size or tni
also varled but In auItIon f-mplcjs u cubld-cLarrirr.

Ttne cosparative cable sizes, fsectional lnny e1. tet,'agtti,

aent of 7b.000 pounds, an t, totAl endta . 7,000 fes t oftohli
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r -t cv~!w. ,itr. 7jCOO F,.?. t of ý7.pre'i !e.

en* "0 e 45 200 Tension 67,000

5 (00 lbs. -ol a,

Rigure 4b

Tret Towed with 7 ON0(1 I-. ~!~ ede"tvin

yaCe e-carr er. 4. es re 6 ht 7,C() Ida.; Voiuel Ii0 cu nr

rstImet et, Max Oex of Cable Carrier 5,000 Poundm Maximium Tension 5 0,000 lbs.

TeA- 00 Toalon 00 -Tge~p.on ,=p ta~ iiQ

is"Cbl L2.00O, of 518" cable /N0' bf4 bi 00 t8 le 7(('0iC1 -7
A 16 5.l 5iec:U00t Ybb 104.n O, 6 . hme a , S. WelO~00l

C-a-le Load at Toepoint ;00'Qo Pounds
C0d'l' Load .ýt Tru=nstn 1,700 Pounds

Figure 
4
c

MARISON OF CABLE LOADS AND CABLE TENSIONS FOR THREE METHODS OF TOWING

IPS' DESIGN A AND TMB'S DESIGN 60 TARGET - SPEED 30 KNOTS

migure 4u sxows ts~e ;tr~aent. retnou or towing the t~rct wltn a ca.ble of
constant diameter.

Figure 4b illustrates a ,ropozcd .ýetnod in anicii tnq size of tne cable
is varled in accur 'ice witn tne tensions along tne lentzin of thie to.i~le.so

rigure 4c 114iuatrates a. ,roposedi zetnod in %nicr. tae size of tn- cuble Is
also va~ried but In auuItion etoplcys a cabie-carrier.

Ti.e comaraative cable sizes, zectioaal lien4tn, yiei. &tvta1gtLA, loads,
teuAjIons bno .1161V at tne targat ure esti,.ated fo. a. tarl;et , Slohlce-
oent of 45,000 pounds, and rA tote.! leneitn of7 7,000 feet Or toslIne.
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FIGURE 7 ESTIMATED DRAG OF DIFFERENT CABLE SIZES VERSUS CABLE ANGLE

Tne coble Dm at zero degree 13 41,en by d e *e.V
2

, Appendix 1.

The IncreI, . of cable drie wlth increase of cable angle Is foundS by empirical metchods.0*1



-X tQ & UMP= Otefot produaed by the lay of the strands
in the cable and the es4wla. rIm, u. tovila.n rlies to, 4.
the surface cf the water cn starboerd turns end takes on a
tsn ntial IlVn to the path or tge target.
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FIUR 8 SC.HEMATIC SKTHSOIGPT•N PEI FATRE

; ~Town BY A VESSEL MAKING A 90-DEGREE TURN AT 30 KNOTS
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