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i.— L_..&_II !NTROI~J CTI ON A
In VDS application ., it is desirable to know the shape of the

towline curve in order to deter mine the position of the towed bo4
• relative to the towing vessel. If kiting is nonexistent , the tovlin.

can be assumed to lie in a vertical plane and it. shape can be 4.. .
cribed in an X and X coordinate system. The Y-sxie would represent

— Ui depth and the X—exia would repre sent trail , the distance directly• aetern of the towing vessel. This ae~~randum describes a technique .
for determining the values of I , trail~and the shape of the tovline

..l  curve. 
—

Any plane curve, when referenced to a fixed two-di mensional ooor-
dinate system in the plane of that curve, can be described ful] by

___ determining the coordinates for each of the infinite maber of points
on th. curve . If the coordinates of these points are known the curve___ can be graphically constructed, and the length between any two points
along th. curve can then be determined. If the curve reflects a th-
emetical relationship where one coordinate can be expressed th.meti—

• osily as a function of the other , the length , 5~ between any two point.
can be found methsmetioally,
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The length, 8, can be measured graphically if th . curve ref l.cts

.eptrioal data . The curve can also be described fully by specifying

LILJ i$~ _ _ _ _  
_ _  _ _ _ _  

. 

I9~7 ’ •



-:.---- ~~~~~~~~~~~~ ‘.— ~~~~~“~~~~~~~ - -  ~- r~ T r _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

(

USL Tech Ne~~No. 2133—12.44-66

S as a function of one or both coordinates, either ~~thea.tical1y or
empbirioal]y. The depth at the bottom of the towline can be deter mined
within the accuracy limitations of the measurement; however , the dis-
tance satern (trail ) is not easily measured. The amount of cable payed
out , S, can be measured accurate1~y; therefore , S can be specified sepir—
icsl]* as a function of depth and values of X can be graphically deter-
mined .

GRAPHIC&L PRO CE~JRE

The figure below
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shove a typical curve of cable psysd out (~~O) vs. depth (D) . Tb. ~:- , Z
shape of the towline curve can be graphically constructed from this
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curve using the step—by—step procedure below.

I • Over a sufficient ly smell length of the tov]ine, the towline
curve can be closely approximated by a strai ght line .

2. We now assume that , at a constant towing speed, the shape
of any portion of the towline curve is not influenced in any
way by any portion of the towline at a shallower depth. For
exeeple, at a given speed and for 500 feet (PC , the shape of
the bottom 100 feet is not influenced in any way by the shape
of the upper 400 feet.

The above figure shows points B, C, D, E, F, G, H, I , J , K,
and 0 spaced at equal GPO; intervals of 50 feet along the hori—
soctal CPO axis , with the corresponding depths indicated. The
depth attained by- the towed body is shown as a function of the

• length of cable payed out ;’ for instance , the towlifle can be
mar~~d at equal intervals and , as each interval is payed out , a
new depth ii attained. Therefore BC corresponds to the first
portion of the tovline payed out and , a~ the last portion of
cable is payed out (from 450 feet to 500 f..t GPO) , the depth
of the towed body change. froa 362 feet to 385 feet. Point B,
representing the 500-foot GPO mark, i. the point at which no
more cable is payed out. For graph construction purposes , we

• prefer point B to be the ori gin of a new coordinate system, D’
and X where D’ dra wn parallel to the 1) axie in the opposite
direction represents depth and X represents trail , as shown
belov.
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From point B an arc is drawn using a radius of 50 feet
( scaled to the gra ph). The point at which this arc intersects

• a line of constan t depth drawn through point C is denoted by- C’ .
Points B and C’ are connected by a straight line, which is

• necessarily 50 feet in length; and BC, in the D’ and X coordinate
system, is the 50—foot portion of the towline as approximeted by
a straight line. It is noted that C’ i. at a depth of 23 feet
in the D’ and X coordinate system.

3. From Point C’ an arc is drawn using a rad ius of 50 feet (scaled
to the graph ) , as shown below.
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The point at which thi s arc intersects a line of constant

depth drawn through point D is denoted by D’ . Points C’ and• D’ are connected by a straight line, which is necessar ily 50
feet in length , and C’D’ represent , the next 50-foot portion of
the towline as apprcacima t.d by a strai ght line . Point D’
represents a point on the towline depth of 53 f..t . Also, point
D’ is located 100 feet from point S along the towlin. (as appi ox—
Lasted by t~~ stra ight line.).
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• 
• 4. We proceed in the seas manner used in step 3 to determine

points E’, F’, G~, N ’ , I~, J’, K ’ , and 0’.

5. In plane of the 50-foot line segments, a smooth curve is drawn
• connecting the prim, point.. This smooth curve (th. curve

connecting the prim. litters) shown below represent. the shape4 of the tovlins curv, in th. D’ and I (trail) coordinate system.
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If this curve is replotted with 0 as th. origin , end with coor-
dinates of depth, DI , and trail , I *, a non—inverted ~erspec—
tive of the shape of the towline curve , shown by the curved dash
line is obtained. It is again noted that , for 500 feet of cable
payed out, the trail is 292 feet and the depth i~ 385 feet .

DETE1~4IN&TION OF TRAIL

The trail for any length of GPO can be obtained using the procedure• outlined below. To obtain this tra il, for example, for 300 feet GPO

1 • Knter the above figure along the GPO axis , in this case at
300 feet .

:~ 2. Read down to th e CPO vs .D curve to obtain the depth , wbioh is
found to be 264 feet .

3. Prom 264 feet on the D axis read across to the towline curve
- and obtain I , which i~ found to be 156 feet.

4. Subtract 156 feet from the maximum trail to obtain the trail ,
292’ — 156’ 136 ’. Thus, for 300 feet GPO , the tr ail will be
1% feet .

DIS~ JSSION

The accuracy of the shape of the tovline curve depends not only on
the accuracy of the original dat a ( GPO vs. D curv e) , but also on the
accuracy of the person using the graphical procedure. Care should be
taken to avoid the possibility of introducing a consistent err or at the
location of each of the prim e points , which could result in a signifi-
cantly large cumulptive error . At the least , the compass setting should
be reestabli shed for every arc drawn.

3 Point B wns chosen to be at sero depth and as the origin of the D’
end I coordinate system. The towline curve may also be constructed by
maing point 0 as the origin of a D’ and I coordinate system. The towline

• curve thus obtained should be identical to the curve previously drawn.
Any discrepancy between the two curve s would result from errors intro—
dnc.d in performing the graphical procedure. Since the tvo curve s are
constructed independ ently, each will serve as a check on the other for •

• attaining greater accuracy .
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The towline curve was determined by using only depth and cab].e payed-
out data . Other data are also available . The angle formed between the
bottom of the towline (at the towed body) and a horisontal line drawn at
the bottom of the towline (in the plane of the curve) can be calculated.• This angle is oo~~~nly called the “towstaff angle of the towed body”,

• - and I. constant for a given towing speed. From the towline curve that
• was graphically determined, the angle can be measured and compared with

the calculation; therefore , the towline curve can be adjusted to agree
with the theoretical towstaff angle of the towed body end greater accuracy
in the constructed configuration can be attained.

• The angle at which the tovline enters the water (towline entrance
• angle) can also be determined experimentally, although this is usmally

difficult. An empirical relationship can be established between this
angle and cable payed—out for a constant speed. From these empirical
data and the assumption that any portion of the towline curve is not
influenced by any portion of the tøwline that is above it , the slope at
any point on the curve can be obtained . The angle formed between the
tangent to any point on the graphically —constructed curve and a horison—
tel. line drawn through that point (in the plane of the curve ) is ~~~va,
and hence the slope at any point on the graphi cally—constructed curve is
known. These slopes can be compared to the slopes obtained from measure-
ment s made at sea, as noted above or as made by the methods discussed in

• reference (a) .

The degree of accuracy of such measurements is not very high , and it
: is not unreasonable to suppose that the graphi cal construction might

yield more accurate values for the slope at any point on the towline
curve ,

The accuracy of the graphical construction of the towline curve can
also be increased simply by performing the procedure a number of ti_s

• using different values of tncremental lengths and checking the consis-
tency of the results

ALAN E. MA1~KOWITZ 
~~~~~~~~~~~~j Mechanical &~gin.er
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