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/ f
USL Rsport. No. 658 (r.f.r ~~q~ (,~

).) discusses ~he .ft.ct s of certain
ship motions on cabi. t.nsions~1W Wysiims for handling suhaerged bodies.
This memorandum derives two equations for computing VDS towline tensions
uth.r dynamic conditions. These equa tions differ from that shown in USL
Report 558.

DERIVAT ION I ~~~ 1 ~

T.rmi and Notations 
+ ~~~~~~~~~ 

LL ~

\~. I = ~~drodyn.mic moment of inertia of ship about axis through its
bydrodynanic center of emma (H.C.M. ) and perpendicular to dr awing ,

= hydrodynamio .~ sa of ship in vertical direction ; both I aid N5
ar• functions of ship $.tch .

N = hy’drodynamio ss of fish ms. equation (6) pgb 7 of Report No. 558.).

r = perpsthioul*r distance from towoabis to H. C. N. (see diagxu).

V = angular velocity of ship b.f or. cable tensioning.
a. ,

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

V~~ = vertical velocity of fish before cable tensioning. / A
V33’ vertical velocity of fish after cable tensioning. I/ f
V vertica l velocity of H. C. M. before cable tensioning.

V ’ vertical velocity of H. C. M. after cable tensioning .

V35—~v-4r vertical velocity of towpoint on ship before cable tensioning.

Also see glossary of terms in Report No. 558 .

Solution

&iuation 11 of USL R p ort No. 558 reads:

= ~ M[v~ ~ v~~) (I)
whir. T is the maximum tension a towcable experiences in towing a VDS
fish in heavy seas (small ship speeds assumed).

Th. following analysis derives a more correct expression for A E~and Tr

Assuming that the interaotion leading to maximum cable tension is
nearly instantaneous , we y neglect friction , damping , and gravitational
iapuls s and work and say that all kinetic ener gy lost during the fish4~ship interaction is stor ed as potential energy in the cable . Further v
shall assume that the mass of th. towoable is small compared to the mass
of th. fish or ship, and that the fish is a point mass.

Conservation of momentum:
fr h~~ + M~V M v ~ +

V31 + ~~~ (v-v ’)
Conservation of angular a~~entua: M

-M rV3~ 
+ ]w : ~~~~~~ ~~~~~~~~ (3)

~ ib.tituting (a) into the above expression we obtain:

~~~~ (~~~~~~~i) f (4)
LI.1• 2
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Since we have assumed that the speed of the ship is zero (see pg. 3 Of
Report No. 558):

~~ 
(i ki 2 

+ Mv3~. -s M 5 v~) —- ~~~ ( Iw ’~ + M~~ -
~
- i~i~~~2) (5)

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

d4fic - (iw ’~~~’ ÷M V~Z~~~~ iv~~V ’)
V~ VI- w’r

_ _ _  I

dv’~ 
~~~ n.gativ. 50 ó E~ is maximum when V~ ...Jr ~~

Combining (23 , (3) ,  and (6) we obtain :

v’= (7)I(M+Ms) t MMsr~
w =  MI~1sr(v ~~~~~ 1w(,~it ,v~)

I (/ ’i + Ms )  + M ,W~r~

Substituting (6), (7) and (8) i~to (5) we obtain:

(AEK)~,~ j + 
- (~ )

= pot,pnt ial ene~~~r stored in csbl~~ 
~ r 7-~ - f

T
r~~ dT

tasuming £~.. constant. - o A~ ~

(~ 
~ Ic) ,, ~~ ~~~~ (,
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DERIVATION II

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

Terms and Notations

rs~ 1—U-b 
~~sy

~~
,c

~r~ r~4ib

/ / I

W = weight of towed body in water

b = damping coefficient

t time

t3 t ime when body is recaptured by the towline

= t — t 3

= 2 11f

y = distance of the fish from towpoint on ship

= relaxed length of the towcable

v35 = velocity of towpoint on ship at time of cable tensioni ng.

T = tension in the towoable -k ~y—yo ) where

k spring consta nt of cable =

Solution

In this ana lysis w, shall. assume that the aotion of the ship is
dsfined by equation ( 1 ) ( X3 :-~t..,ssnK ,t) of Report No. 558 and there fore
is unaffected by Uii tensioning of th . cable. As we shall show later ,
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the time that elapses until tne tension is a maximum is very small~ and
so we ehall consider the velocity of the ship to be constant during th.
interaction.

-W- tc (y-y0).- ~~~~ ÷v~) M ‘4~±!2 (it)

Under initia l conditions 
‘ d

= V~~
_ t/~ av~d y : y

I

,

e~~ E ~~~~~~cos # V V&+t1~V+/ ~’V~,s~ , ZtMk-b1~t/] (s~)

.+
i~cTo find the minimum value of y we differentiate the above , set it equal

to zero , and find that at Tmin ’

‘- -~ (14-)t - 
~.4virc~bL

-rqn-’ (t~~ 
_ V

~i~4, ’iic-&~
where b(V~z+v~ )+.ZW is the smallest angle greater than zero.
t ’ is of the order of so our original assumption is justified.

T,.., -ic y~, -~
____ -‘ (~~ -‘c~fl~i*-’~~ 1

~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ +

W+b V 3~ ~~~

In cases where is not small (i.e. , in cases involving large
t nsions) 
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which is nearly the same as equation ( 11) .

CGQIENTS

Comparisons with experimental data, such as thos. shown in reference
(b) ,  indicat, that equations ( 11)  and (16) agre. more nearly with the
experimental data than does equation (1) .

For example :

From equation (1),

T = 79,000 lbs.

From equation (ii), and assuming that ~~~~+ ~j~ :o T = 36,200 lb..

From equation (16), T = 38,590 lbs.

The experimentally measured value is 30,000 bs. If M5, r and I
were known, the tension computed from equation (11) would be r.ducsd and
approach the value of 30,000 lbs.

CONCLUSIONS

Two ana lyses have been presented in this memorandum to represent the
two probable extreme s of an exact fish—ship mathematical model subj ected
to dynamic conditions.

The first ana lysis neglects grav itational and damping forces; as
a consequence , the tension it predicts will ~~ lower than the actual
tension. Because it is ba sed on the assumption that the interaction is
near ly instantaneo us, it is not accurate when lVt~-’SsI is small.

Tb. second ana lysis neglects the effects of ship mass; thus , it
pred icts a higher than actua l tension .

In cases where I V~iz~ %[jsl is not 1l the two approaches give
approximate ly the same tension.

zither equation (11)or (16) should be used in piac. of equations
( 11) and (h A) in USL Repo rt No. ~~~~~~~~ ,

~ ~~~~~~
JOH N R. SOLIN
Student Aid.
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