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INTRODU~~~6~~ F
An important consideration in towed system dynamics is the

determination of the conditions that cause the towline to become slack .
c~ 

The slack tov].ine creates a problem in that the recapture of the free-
~~~~ falling body causes the system to experience large tensile forces .

I ~~~ Sudden applications of high tensions often cause the towline to even-
tvLU.y fracture, with resulting loss of the towed body. This me~~randum
presents an analysis of slack line dynamics . - - -— 

-
.

MCKGRO~~~

In order to develop a. criterion for the occurrence of a slack
towline, some assumptions must be made concerning the form of the ship’ s
~~tion and the manner in which the disturbance is transferred to the
body. In reference (a) it was found that the transverse disturbances,
see Figure 1, are diminished to a large extent as they travel down the
towline. However, longitudinal d~.sturbances are relatively imiiamped .
Therefo re, it will be assumed that the component of the ship nx’tion
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t
directed along the towline is transferred directly to the towed body,
while the transverse m otion is completely damped .

A slack towline is likely to occur in rough seas. Since a ship
makes relatively little headway in high seas, resulting in Ø~ ( towline
inclination angle) ~ 90~, im st of the disturbances will be directed
along the towline. There fore, the assumption that the disturbance
experienced by the body is only the longituM -n~.1 component of the ship
~~tion is not unrealist ic . If it is assumed that the longitudinAl
disturbances are transmitte d instantaneously to the body as long as
there is tension in the towline, then the body will have the same
~~tion as the longitudin al component of the ship’s 2m tion.

NONEN(21ATUBE

Before proceeding further, the following notation is defined:

• H — amplitude of nx,tion

AB - plan area of body

CD — coefficient of body drag and plan direction

FB — hydrodynsaic body forces in plan direction ~~ EUt oK fir

K — spr ing constant of towline 
~~~~~~~~~~ 

‘
~~~ ,

mANPOUNC EI 014 — mass

T = towline tension

W Weight in water D~ T1MTIOI /AVAILABILITT ~~~~

~~ ~~~~~~~ ~~~~~~~~~~~~

x - displacement

P - density of flui d

0 = towline angular inclination

N — effective m~~dulus of elasticity of tow].ine

A - cross-sectional area of towline

r DISTRIBUTION STATEMENt A 2
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- frequency of disturbances

v - velocity

a - acceleration

Subscripts:

B — body

d — ‘4”ange from steady state

L - component along the towline

SLACK TOWLINE CRITERION

Under conditions where a slack line can occur, if the towline is
buoyant a slack towline will initiauy appear at the ship. I~ wever,

• in ~~st prsctical applications the towline of itself is not buoyant and
the lcngitwiina-l component of its weight is usually larger than the
inertia and hydrodynsaic effects caused by the ship ’s ~ ,tiou. There-
fore, in general, the towline initially goes slack at the towed body.
Hence the body forces govern the slack towline criterion. With this
in mind, Newton’s second law of m~tiou for the body becomes:

• ~WB + T + F B = M Ba~ (1)

where: ~ A~ ~L
2 - hydrodynamic body force

~~~
- definition, a slack towline occurs when the tension in the

tawline is zero . Therefore, rearranging the quantities in equation (1)
and sett ing T • 0, the criterion thet the towline does not become
slack is:

(2)

3
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The exact point in time when the towline initially goes slack
depends on the relative magnitude of MBaL ,  the inertia of the body,
and F3, the hydrodynaxaic force . Therefore , as the amplitude of the
disturbance increases, the hyd.rodynamic forces become ~~re important
to the criterion for a slack towline .

From equation (2), it can be seen that if

WB
I- (3)
1FB MBaL )Z~IaX

is greater than one, the towline remains taut. However, if the above
ratio Is less than one, the towline goes slack.

If the displacement of the ship is considered sinusoidal in the
form:

XL = H L Sifl Wt,

then the velocity and acceleration are given by:

VL XL HL (Il COs W t

= XL = iii, w 2 sin c~ t

If these expressions are substituted for vL and into

I F B _ M B SL I ,

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

the maxilmmL of this quantity is found by setting:

~d E ~ 
(FB - 143 = 0, or

-CD3 ~ A3 ~~2 u 3 sin wt + TMB l1~, w3 cos ~.t - 0.

14 
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The two solutions are:

cos w t = O  (5)
Mbsin wt = (6)
p AB 11L

Substituting (5) into (3) :

WB WB
= ~~i (7)

IFB - M B aL I~~~

It should be noted that MB is the total enclosed plus hydrodynanic
mass of the body, and WB is the weight of the body in water . In• particular, WB ~ M3 g.

For (6) to be a valid solution, it must be that

MB

C~3
p A 3 H~

If this is the case,

- MB a L J max =(cD +A B}IV)

(

1 - ______

+ MBH LW 5 
CD pA~~}Ij~B

_ _  

M~ \
= 2 ~CD PA BHL + CD P ABHL)’

5
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and the criterion (3) becomes:

a 

ZW B 
M~ 

(8)

HLW (CD PABH L + CD PABH L)

where:

M B
CD PA BH L

The quanti ty is always between zero and unity for 0 ~~, Z ,

since j~~ ~~~ Z ~ O , then :

Z a + l  ( Z Z
Z 3 - 2 Z + 1  ( 0

(Z - l)~ ( 0

which is absurd , and hence (8) is a ~~re re strictive criterion than (7) ;
however, Z u c i is a restriction on the use of (8) .

Contrata (b) baa made measurements on a slack towline at sea, the
results of which are given in Appendix A.

For this particu lar case 143 • 266 x 1 .3, where 1.3 ii the factor
used to account for the hydrodynamic mass of the body .

- C pA H — (O. 3)(2) (30.66) (8) -

6
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Hence, criterion (7) must be used.

W3 3260
143 a. (266)(1.3)(ll.3)

The criterion predicts a slack towline for the experiment reported in
(b).

TOWLINE “RE~~P~ JBE” TENSION t
After the slack towline occurs , the towline tension is sharply

increas ed when the body is recaptured . Since the mass of a destroy-er
is it least three orders of niagrdtude (1000 times) greater than the
mass of the body, the ~ ,tion of the ship is unaffected by the recapture
of the body . Hence, the velocity of the body must change from its free
tel]. velocity to the component of velocity along the towline when it is
recaptured.

An ener~ r balance can be written for the system before ind after
recapture . Referri ng to Figure 2, the potential energy datt~ is taken
at th. point of recapture, where the towed system regains its steady
state conf iguration. The whole system is considered to be ~~ving at
the loiagitn~(n&1 velocity of the ship VL . Therefore the energy
balance becomes:

+ + PETowl~~~ = Work of J~rdrodynamic Forces

_
~~MB (vB _ v L)2 _ 1 4B xd +~~~K x d

2
~~~m. xd (9)

Tb. valu, of V3 is the absolute velocity of the body at the time of
EScaptur., K is the equivalent spring constant of the towline, and

is the average hydrodynamic force on the body at the time of
recapture . The towline can be ~~ 1 ~~~ ~ted by two linear springs in
series as shown in Figure 2& the elastic spring cons tant, K, ;
and the spring coustent ig which is due to the change in the towline’ a
shape when a force is applied to the towline • The equivalent spring
constan t K ic given by:
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K K
K = _ X C

where: K, =

and K,~ will be discussed in a later section . Assuming that K is known,
then:

T = K x d (10)

Substituting (10) into (9),

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

T = W B + 
~~BL ± %/(W B + FBL ) Z + KM 3 (VB - VL )

The negative square root is discarded, since it represents negative
tension, i.e., compression, which cannot be supported by a towline.

For VB -V L~~~~ O,

the well-known result for suddenly- applied loads.

If the towline is consi dered inextensible away from the body in
any computer soluti on, the change in towline shape can be associated
with the accompanying change in tension. There, K,~ can be found by
developing a functional relation between the tension and the longitud-
inal. displac~~~nt of the towline. Such a relationship has been

• computed, using the dynamic computer program of reference (a), for the
system towed by Contrata (b) . The parameters of this system are given
in Appendix A. Figure 3 is a plot of dynamic change in tension , Td ~versus 1ongituM~n*1 displacement of the towline, Xd.

8
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Xd = 1.25 x lO~~Td 0< Td < 1200 pounds

Hence X~ becomes:

• 1 = .8 x 10~ #/ft.
1.25 x 1O~2

Using the quantities of Appendix A,

K, = 
1.142 X = 1.89 x 1O~ #/ft.

Although K~h could only be evaluated for tensions up to 1200 pounds,
it is~~gnificant to note than K~ is the same order of 1nRg~i tud e as
K , . Also as nx re tension is added, K~ will increase . Therefore
the equivalent spring constant may be slightly underestimated by-
using the linear approximation as the tension in the towline becomes
large. Using the above values of K~ and K , the equivalent spr ing
constant becomes:

K= 5 .6 x 1014 #/ft.

Substituting the values of WB ~ VB and VL from Appendix A,
and K from above into (11) :

T = 3260 + (O . 3 ) (3O. 66 ) ( 12 .5~~~8 . 1 5)

+~~~
f

26 O +( O .3X 3o . 66) ( 12 5
~ 8.15)] +(5.6x1 O4X 1. 3 ) (266) ( I 2 .5 -8 . 15)~

T = 23 . 842 pounds
This compares favorably to the experimental value of Contrata, which
was:

T • 22,000 to 30,000 pounds .

- i
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CONCLUSIONS

Certain general. conclusions can be made about the slack towline
study:

(i) A slack towline is the result of the component of ship
• motion directed along the towline . Since, 0 , towline angle incli-

nat ion at the surface (and hence the motion along the towline) decreases
as the towing speed and the towline length increase , the possibility of
experiencing a slack towline at high towing speeds and with long tow-
lines is decreased .

(2) The “ recapture ” tension increases with increasing equiva-
lent spring constant K of the towline. However, the equivalent spring
cons tant decreases with increasin g towline length and towing speed.
Therefore , the recaptur e tension decreases with increasin g towline

• length and towing speed .

(3) The quantity ~~~~ in (7) and. (8) represents the
maxim.~m acceleration amplitude experienced by the stern of the ship.In this report , a sinusoidal ship ’ a motion was assumed, however, this
is not in general the case . ICreitner (c) has done a statistical. study
of the accelerations experienced by the fantail of a destroyer in
various seaways at a speed of 17 knots. If this study were extended
to include other speeds, and some assumptions were made regarding
velocity behavior, realistic criteria based on ship speed, sea state,
and towline length could be developed for slack towline behavior .
In general, it is clear that high stern acceleration decreases the

rat io( W~ , and if this ratio becomes less than unity, thenaL nmx
certainly slack towline conditions appear .

$,~ ~~~~~~~~~~~~J. W. SCI~ AN

~~~ ~~~~S. RUPIN
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APPE1WDC A

The following are the par ameters of the system tested by Contrata:

30.66 ft2

AL 11.3 ft/ sec2
max

CD 3
B 

3260 lb.

MB 1.3 x 266 slugs

P/2 1.0 slugs/ft 3

A 1.142 in2

E 10 x 106 lb/in2

L 7 5 f t

VL* 8.15 f t/sec

VB* 12.5 f t/sec

* These values were computed by Contrata (b) .
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