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USL }teport #558’(reference (I’)~~’ana1ytically describes the slack
t o w l i~ e phen omena tha t occur when a body i s towed under certain conditions .
The teBt described In th i s  memorandum was made in an attempt to induce

~~~ a slack towline condit ion and to measure concurrently the force at the
towetafi’ and the vertica l accelerations of’ the fish and the ship. This
experimenta l information , when compared to the predictions of USL

LJJ Report #556 , should nerve as a check on the validity of the assumptions
made ~n the report .

LL~
TES’F EQUIPME NT AND IN$?RUME NTATION

Towed B~~jy

The towed body used in these “variable density tests” was an SQA—lO
f i s h  w i t h oul. a tra n sducer. The body was fitted with removable ba l last ,
-~h ich a l lowed va rying the fish weight. In wa ter from 3260 lbs. to 5500 lbs.
~1 2 i0— lb. Increments . Figure 1 is a photogra ph of the towed body with

nut withou t i ts  window , with the lightest  ba l last used .

F~~~ç Ga te itear inE Blocks

Th~ bearing blocks were modified by the addition of an extended
• force ring. Figure 2 shows the load—carrying member prior to the s tra in

ga ge in s t a l l a t i o n . The confi gureatl on was chosen for two reasons :
( I )  there is no practical way to put a simple tension member in series

• 4ith the tow [ine at the towstaff ; and (2) the force ring offers ~ n
opportunity to measure the forces perpendicular and parallel to the base
of the bearing block separately. The stress—strain relationship for an

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
~r 

~ub~ic reZ xi.ze and ad o; La

~~~ r’ 4:stribution is unlLnj t d.

_ _ _  -
~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _ _



USL Tech. Memo.
No. 933—121—64

octagonal force ring is discussed in reference (b). A modified octagonal
ring was used for the tests undertaken aboard the USS SPERRY in August
1963. Only one of the two bearing blocks was strain—gaged in order to
read only the force perpendicular to the toiied body longitudinal axle.
The four strain gages were potted with PRC compound and checked for leaks
under pressure. The bearing block was calibrated on a tension machine
at Mitchell College , New London. Figure 3, the resulting calibration
curve , shows the block sensitivity. A load of 4900 lbs. causes a 1000
micro—inch per inch strain.

Accelerometers

One accelerometer was mounted in the towed body to measure accelerations
perpendicular L~ the longitud ina l axis of the towed body; a second acceler-
ometer was r~unted in the after—steering room of the ship to measure fa n-
tai l  vertica l accelerations.

Data Recordin2

Data wt~s recorded on a Sanborn 850 analog recorder.

TE3~ PkOCEDUNE

The fish was streamed with 75 feet of cable payed out , and the
fish acceleration trace was monitored while the ship was maneuvered to
maximize fish acceleration.

DISCUSSION

The towing tests were performed in a state 3 sea, during which the
fantail experienced maximum vertical accelerations of .35 G. The fish
was unable to attain a free—fall acceleration greater than 24 G. Whenever
the fish was permitted a negative vertical acceleration of this magnitude
or greater , the towline invariably went slack. The slack towline con-
dition is clearly shown in the recording of the fish acceleration and
the toustaff tension. The slack towline condition could also be seen
by watching the towline between the drum and the sheave go slack and
sag from 1/2 foot to 2 feet at the same time the tension and acceleration
records indicated a slack towline condition.

Figures 4 and 5 are records, taken simultaneously, of fish acceleration
and towataff tension, respectively , during one period in which a slack
towline condition occurred. Both curves clearly ahoy the onset of the
slack towline condition occurring at t 3.5 sec. and persisting to
t 5.5 sec. During the slack towline period the towataff tension rena m ed
constant at 1250 lbs., instead of dropping to zero. 700 lbs. of this
tension is due to measurement error, and the remaining 550 lbs cannot
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be accounted for. The recapture of the fish was attended by toustaff
tensions between 22 and 30 thousand lbs. Typically, there were three
distinct t eaks of tension and acceleration , of decreasing magnitude ,
associated with the recapture of the f ish.  The frequency of this free
vibration is 1 .5 cpa , ~shich is the damped natural. frequency of the fish—
towlino system with 75 feet of cable payed out.

TYPICAL C(I4PUTAT ION

A ppendix A shows the results of a computation for conditions as
nearly identical to the measured slack towline condition as possible.
The times are taken from the time axes in Figures 4 and 5 and Figure 1
of Appendix A. A comparison of computed and measured valu.s are show n
below. 

____________________ __________________

Measured Conj~uted
~‘Fimè rafter start o~~shi~~~of1ón 3.7 sec.
period) touline went slack 

__________________ ___________ —

Length of time slack towllne 1.7 sec. 2.2 sec.
condition persisted 

__________________ _________

2 f t2Fish sink acceleration 7.75 !.!I 8.8 —

(G factor x32.2) sec. sec

Time (after start of period) 5.5 sec. 5.9 sec.
slack condition ended

Peak cable tension at 22 ,000 to 79,000 lbs.
reca pture of fish 30,000 lbs.

A comp aris on of computed and measured 0 factors shows that the value
computed by the method outlined in reference (a) is 14% larger. The
agreement between these two values is good enough to justify the con-
tinued use of the present computation method. The measured and computed
tensions , however, differ considerably. This may be because the com-
putation was made under a zero ship speed assumption wherea s the measure-
ments were carried out at a seven—knot ship speed. Forward speed should
cause a decrease in maximum tension; however, the data are not sufficient
to determine the effect of ship speed on peak tensions.

CONCLUSIONS

7. Downward fantail accelerations larger than .24G invariably resulted
in a slack towline.

2. The measured fish “0” factor is in agreement with the va l lculat. d
by the method used in reference (a).



USL Tech. Memo.
No. 933—121 — 6 4

3 . The peak tensions measured were between 22 ,000 and 30 ,000 pounds
at the ter mina tion of the slack towlina condition.

RED 3. ?~ RATA , JR.
Mechanical Engineer
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/ L

-

4 ii: ~



4

• 0 0
.~~ S.’

-I-I-- *

n .

e

. 

-.

~~~~

.5

1 ’

i* 1
/

• 
-, / ,

‘I &
p

-S ~
• - - I

‘_~m5. ..., ~~~~~. ‘_~4~~4 - -~ —



I .
-4

I

H 
i1~

. 
:.

•

. 
II 

~~~~~ 

‘: —

‘S

- Uam-~~~~~~. - 

~~~~~~~~ ~~~~~ ‘ -~~
-
~ 

.~-
-

- — ~~~~~~~~~~~~~~~~~~~~~~ TT



USL Th~Ji ,?1r’~44j ~~~~ ~~~~
/ ~7~~CL 6~46~L ~9EAA~/NQ 4~IaC ~r

t Vf ~ T/ ~A// V CALY8AA 77D/l/

/
,

25~ /7
/

/
20

J 

~~~~

C’ /~~
N

N
g

5-

/

I +
2O~’C 1~OO 60O0

J ~~~~~~ (N/cA~0 /NC14’ES / ~4i? // vc/-,’)

I. , .
‘
.-~~--/

I - . .51~~~

— — — ------- - — - - ——- — — --— - - ------ --—--=



(
~)SL 7~~~I’ ~,1kI1Ø
4’~) ~~~~~~~~~~

ci

~~

- - 
~~~~~~ 

- -- - -- — - - —I.

I

~~~~~~~~~~~~~~~~~ 
_ _

(.1 \~

- - - -i ’
C --— ---

— -

L
i ~ 0 ‘~

(~9) ~~~
Q/ Y5’7.~

;
~~~~ k’

•

~~ 
-‘

~~~~~~~ i :

— — — — —_ • - -~ — - - - 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

- — — —  — — —



L..
~~ 
‘.5 :

~~ (~\ ~1~ 4’~-~~ ’
~~ ~ ~~~~ - \*,

i~
- . 0  ‘. -\

~- 4 t.4j _.~~~~~
‘ -• N ‘-

- -

~ 
.,~~

. 

‘4

q ‘-‘ ‘ “) _\ - -‘ k (.•~, 
‘- Ts..

• .

____ - - --—~~~~~ -~~ 

~~~~

— - .  - - - - -- - - .. - —-.- — --- 

~~~~

N 

..

~~~~~~~

N

I -  •
‘.

‘ 
—-

—-—--

k

+ \
-

----- - — - ~~- .-—- - - • t -  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

N - - 0 No ~,~~-n~i-~ i
‘
~> 7 cx~p~) / Vc.i ’$, V~/.2

S 
•1~

- ~~~~~~~~~~ ———-- - — -—  — ‘fl— - -  - -



USL Tecb .Memo.
No. 933—121—64

APPENDIX A

Computations for Slack Towlin. Conditions

Giv.n:

Cross Sectional Area of Towline Ac 1.42 in.2

Plan Area of Fish A~= 30.66 ft.
2

Volume Enclosed by Fish B= 80.13 ft.3

Fish Length 1 = 11.83 ft.

Fish Width b = 3.30 ft.

Fish Height h 3.92 ft.

Fish Coefficient of drag Cd = 0.3 (Assumed )

Towline Modulus of Elasticity E
~ 

10 x 106 lb/in2

Frequency of 
~~
ip Pitch Moticn f = 1.

5.5 cpa
Fiah Bulk Factor lbh 153 ft.

Towline Length i c = 75 ft .

Fish Water Weight W = 3260 lbs.

Fantail Amplitude K0 = 8 ft.

Mass Density of Sea Water = 1.99 a g

Gravitational Constant g = 32.2
Sec.

Subscript Notation:
a refers to ship tovpoint
a refers to th. point at which the towline is attached to the fish

• 2 refers to the time of aero fish vertical velocity
3 refers to the time of fish recapture

The following related constants can now be computed:

Pitch frequency of ship K = 2’P(f 1.141 !5~s.C 4
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Appendix A cont .
Cd A

Ratio of fish vertical dra g to vertical velocity = 
2 

p

Virtual MaBe factor K5 = 1.7 assumed

Virtual Ma93 of Fish M = U K 5(P g) slugs
g ft 3

By equating fish dra g force to fish inertia force , the sink rate of the
fish can be determined:

~~~~~ V~~57 (lbh ) 
= 8.8

Following the method illustrated in A ppendix A of r.ferenc. (a ) ,  the
following times , displacements , velocities , and tension are obtained:

1. At the time the ship towpoirit vertica l acceleration equals the
maximum free—fall  fish acceleration (Point ( 1) on Figure 1 of Appendix A ) :

t~ 5 - 3.71 sec t~~ = 3.71 se .:.

= 7 .12 f t .  x i~ = 7.12 f t .

2. At the time of zero fish velocity :

t 25 = 4.18 sec. t2z = 4.18 sec.

X28 8.0 f t .  12z = 8.06 ft.

3. At the time of fish recapture :

t35 5.90 sec. t33 = 5.90 sec.

x35 = 3.53 f t .  = 3.53 f t .

v35 = —8.15 ft/eec v3z = —12.5 ft/sec.

!‘ owli ne tension at recapture can now be determined by using equation
h A  of reference (b):

T2 
~~cEc (

~ 3z
2 —

C

T 79,000 lbs.

II
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