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" INTRODUCTION pr f

USL Report No. 558 (rofo a)) diacuuu e effects of certain
ship motions on cable tonoionl n ay ems for handling submerged bodies.
This memorandum derives two equationa for computing VDS towline tensions
under dynamic conditions. These equations differ from that shown in USL

Terms and Notations

Report 558.

DERIVATION I

lo— I —

]

hydrodynesic moment of inertia of ship about axis through its
hydrodynamic center of mass (H.C.M.) and perpendicular to drawing.

hydrodynamic tass of ship in vertical direction; both I and Mg
are functions of shipptch.

hydrodynamic mass of fish (see equation(8) pg.7 of Report No. 558.).
perpendicular distance from towcable to H. C. M. (see diagram).
angular velocity of ship before cable tensioning.

angular velocity of ship after cable tensioning.
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Terms and notations cont. <

V3, = vertical velocity of fish before cable tensioning.

V3, = vertical wvelocity of fish after cable tensioning. /

' = vertical velocity of H. C. M, before cable tensioning. i) i
v = vertical velocity of H. C. M, after cable tensioning.

V3g=v-Ur= vertical velocity of towpoint on ship before cable tensioning.
Also see glossary of terms in Report No. 558.
Solution

Equation 11 of USL Report No. 558 reads:

2
AE = EMv} xvss) = A %

vwhere T is the maximum tension a towcable experiences in towing a VDS
fish in heavy seas (small ship speeds assumed).

The following analysis derives a more correct expression for A Ey
and T:

Assuming that the interaction leading to maximum cable tension is
nearly instantaneous, we may neglect friction, damping, and gravitational
impulses and work and say that all kinetic energy lost during the fish+
ship interaction is stored as potential energy in the cable. Further we
shall assume that the mass of the towcable is small compared to the mass
of the fish or ship, and that the fish is a point mass.

Conservation of momentum: 4 ;
Mugz + MgV = Mvg, + Mgv

Vi, = Vg, 4+ Mg(v-v) 2
Conservation of angular nonen%%n: i ﬂj )

~Mrvgz + Tw = -Mryg; +1w’ (3)
Substituting (2) into the above expression we obtain:

Ww's= M..ff.!'(V-V') tWw (4)
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Since we have assumed that the speed of the ship is zero (see pg. 3 6f
Report No. 558):

AE, - —‘i (_'[ Wt o+ Mv-},_ +M5v‘) —-—‘i (Tw”+ Mv;,:—o— MSV"’) (5)

Differentiating the above expression with respect to V', substitwting
the first derivatives of (2) and (3) where specified, and setting the result
equal to zero we obtain:

AE - I V /
/_
d’AE i
dvTF is negative so AE, is maximum when v_,z =viwhr (6)

Combining (2), (3), and (6) we obtain:
V= Q*MrJMSV +IM(V‘z+Wr)
I(M+Mg) + MMgr2
W= MN:r(wvﬂ)fIw(Mﬁ@)_ @
I(M+M5) + MMsr2

(7)

Substituting (6), (7), and (8) into (5) we obtain:
_ 2Mlvgs-(v-wr)] " 2 Mlvsz-y T

(AE).... = ™ T
K/max. '_’ﬁ_fq: ’*ﬁ qur (‘” ”
AE, = potential energy stored in cable= j‘ 7dL - f rAcdT
A ssuming kEc= constant. o A Cc L’ cEc

AE iM[VBZ’V J Tmux.lj
E dmax. |+ M M Trs %_/\C_E)c_‘ (o)
i A
AcE¢ (
1:17_; Vi - Vs )
s = I+ ﬂ' Mr‘- (n
3
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DERIVATION II

In the previous analysis we neglected gravitational and damping
forces in order to apply the conservation of mementum relations. In
the following analysis gravitational and damping forces are included.

Terms and Notations

W = weight of towed body in water

b = damping coefficient

t = time

tg3 = time when body is recaptured by the towline
tr = t - tg

k9 = 217 f

y = distance of the fish from towpoint on ship
Yo = relaxed length of the towcable

v3g = velocity of towpoint on ship at time of cable tensioning.
T = tension in the towcable =-k (y-y,) where

k = spring constant of cable = éj-cg‘

Solutdon

In this analysis we shall assume that the motion of the ship is

defined by equation (1) Xs=-X.5ink,T] of Report No. 558 and therefore

is unaffected by the tensioning of the cable. As we shall show later,
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the time that elapses until the tension is a maximum is very small; and
8o we shall consider the velocity of the ship to be constant during the
interaction,

LF = -w-«cy%)-bogg el = Mi%w - MdE @

/.

t~o
Under initial conditions ,

c—l{': Vaz-Vas  and Y%
Soy=

€ m [Mcos Z4~MK b"“f/ 2-MK( V}z—V-:!iZ+bW+b Vxs sin JNR— "f] (1%

K~/E kT
4 KZo‘bV3g-W
K

To find the minimum value of y we differentiate the above, set it equal

t'= -\/l_._f"= tan™ /(ﬁ?__\!:l.t)___.____ yimK ()
where b(Vzz+V3s) +2W is the smallest angle greater than zero.
t' is of the order of _@' ~. 80 our original assumption is justified.

Tlhuj_ = ’K/ym“ ‘X,’ —

T ! (PO HREE |
r-* b (Vyse +2W l_:de(v
352

-Vy O+ bW(Vaz+Vis) + Bvs Vs + \J‘] +

W+bvg,  U5)

In cases where I\gz-\4s| 18 not emall (i.e., in cases involving large
tensions)
Tovax.® VMK(Vgz-Vs* (0)

]
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which is nearly the same as equation (11).
COMMENTS

Comparisons with experimental data, such as those shown in reference
(b), indicate that equations (11) and (16) agree more nearly with the
experimental data than does equation (1).
For example:
From equation (1),

T = 79,000 lbs.

M Mg 7=
From equation (11), and assuming that Mt T =0 T = 36,200 lvs.
From equation (16), T
T

38,590 1bs,

The experimentally measured value is 30,000 Ybs. If Mg, r and I
were known, the tension computed from equation (11) would be reduced and
approach the value of 30,000 lbs.

CONCLUSIONS

Two analyses have been presented in this memorandum to represent the
two probable extremes of an exact fish-ship mathematical model subjected
to dynamic conditions.

The first analysis neglects gravitational and damping forces; as
a consequence, the tension it predicts will * . lower than the actual
tension. Because it is based on the assumption that the interaction is
nearly instantaneous, it is not accurate when |w,-%s| is small.

The second analysis neglects the effects of ship mass; thus, it
predicts a higher than actual tension.

In cases where [Vaz-%s| 1s not amall the two approaches give
approximately the same tension.

Either equation (11)or (16) should be used in place of equations

(11) and (114) in USL Report No. 558.n 2 Kj“‘d"

JOHN R. SOLIN
Student Aide
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