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Here H 4is the drag on the float, and Te and s are
the vertical components of the temsion at the top and bottom
of the cable resnectively.

A cable with attached masses
current profile which can be talen
mooring cable, is easily studied wf
applying it to the component
The section boundaries occur
conditions which will alter the ca
a change in cable diameter or dens

through a

i.e. a

sression DY

n d scending order.

a change in
These are {a)

will alter «w and

q s Qo} the attachment to the cable o & float or heavy
“, 7 .
body, e.g. a current meter, and {c) ¢ im the current

speed which will alter & . The i for a section

is the total horizontal drag on everything above that particular

section, and L is now the length of the scection and not that

of the whole mooring. The horizontal displacewment of a section

boundary, e.g. at a current meter or at the subsurface float, from

the wvertical through the anchor is now given by the vector sum

of the displacements of the sections below the point in question.
The tal"r method is hased orn a coumputer program given by

Miholf ( 566 ) which numerically solves expressions involving
the Lormul and tang@ns*uL forces acting on the cable. lowever,
the program s given by Mihof?f applies to the towing of submerged
bodies for which the ab*e lies in the Ffirst guadrant as dOaCF bed
by Pode {195?}, whereas a mooring ceble lies in Podel's second
guadrant. Thus , using the same theory as lHihoff, which is
given more clearly by Rames {1918}, expressions pert ing to the
second guadrant were éer1VLﬁ The relevant forces acting on an
clement A3 of cable are 1. Here T is the tension,
U is the weight pner unit lengtl £ cable, and X is the drag on
anit length of cable when it 1 to the current. AA ds 2
number between zers and one els dnclination to the
horizontadl €32 s talzen to be negative
the arc lengtl ively downwards from
Bames gives fectly Faired cable, to be o
Tor a biuf? cable similer to that used for
moosrings is giv > in thwe range 0.02 to G.U05.
1€ the resu angential and noymal forces on unit lengtiz o7

cable arising i g and cable weight are F  and <,
1"esg:w iveiyy i ircctvions shown in Tig. 1, then £iaz

fferes: coguations governing the eguilibrium siaje

ie are

Pds + d7 = ©
and
Q(ES + ] dx =

Obhtaining P ane @ from inspection of fi 1, then
I CARATE X = ¥ iig. 3 CILCTR

dT/d'{‘S :"/a@am% + WT i x




FLOAT

\ S INCREASING

T

A '\ 0.ds
CURRENT

pR-dS _ >4 ds

\

B P.dS
T+dT

(1-pR.-Sin” 6¢ . dS

WT-dS

ANCHOR
77777 7777

Fig. 1. Forces acting on the element AB of cable.



at ©%  is negative. /Q here is positive

bearing in mind th
that is the drag acts ocutwarde on the conve

9

sicde of the cable,

or correspondingly, the current approacihi >le on the
concave side, If the cable enters & i,f- where the current
direction is reversed, then the curvatux * the cable changes
sign. This is allowed for by writing forr,
- AL : L
R = 4 §.<C/?. PV
o
where R is the dron ficient of which has a
iiameter D . o) vVoods % wsositive poast
) float and then if the curr es lower down

Apart Trom the ab c aiteration&,‘the
program was modified s regards format, was Cf‘“poSc@
mainiy in metric units, anted to consider a mooring
in mony sections., T ¢ Degin at a point where

P K

he cable are known.,

() 2

int thus is wusually

ese two guantities via the cxpressions

) A
T _ (, DRQ@ + B W 2\/’ Z

7
oth the tension and
o
th

A
!

iy .
T AN (—BWT/DRAG)

are the float drag and netit Duoyancy resn

ey TN i R
where DRAG and

ively. Hence knowing JTyQJS and dx /s = preélcto

corrector method is used for calculating further values of 7T
and o at selected points down the wmooring. Aoaiuloﬂu¢‘y, this
nrogram, which is called 3HAPYE, gives the coordinates of these
points with resgec% to the float, unlike the F and Y
expressions which only give horizontal excursions,
o+ o
5 O

SHAPE was further rmodified to chtair appromimate estimate

the influence of dan buoy drag oring. Hegatively or

t end of thoe¢ cable where

eCct -

neutralily buoyant upper cable, thie cable Dbetween the dam
huoy a2nd the subsurface Lloat, UV E simiiar‘m
he curve ACRE shown in fig. 2. : I pul
den buoy on the upper cable is unknown, the t@ﬁul@ﬁ and
£ the uoper czble benecath the dan Dusy cannot be ca cu“&ted a
a2t +’e suvsurface float. ;ence both d7/d s and Jﬂyﬂjg
sper casvle also remtin unknown, The following viarec
were therelore made
se the drag normal to the cable decreascs on descendin
the upper cable, g3 on thoe upper cable were calculated ot
the inciination would have 4if it remoined stmdight,
{b} The cable to be neutrally buoyvant, This is very
nearly true for Doiypropylene line which is used in practice.
(o) The upward pull of the dan buoyv on thoe upver cable is
ignored, Tﬁaa mey be 2 bad assurintion in the case of strong

currents because then the upper cable does pull the dan buocy

~fem



DAN BUOY

CURRENT

MR-dS

(1-u)R-Sin’ec -dS

SUBSURFACE
FLOAT

Fig. 2. Schematic configuration of the upper cable,



slightly lower in

oy 2 “ .} - Fal PFeal - 3
h o - suosurface fioat is
Pl « — g Ly
v ofthsy orogram taltes the
N - X
c at:

P RO, T T R Y Ty ER 2
and current profile adopted are shown in Tig. -
- - . - - -, R P al Ty . s P
he displacenends given by encl: of the three

isplﬂcem snts refer to the bottom of each attach-
te L1-AL are Serg rent
LEt . diameter sph
catle lengths :
/ these calculot
a
£ fig. 3, =5 ond
with other wherceas the F result
of them However, on applying the ¥, L-3 and IHAD:
tihre WIO mooring 0“” subjected to strong curvcn s 5]
horizontal excursicons of the cylindrical Tloate w res 5
E%8m, 261m and 259m, In othoer words the L-Y and SEAPE results
are 2in similar, but the P result is now ruch larger than eithe
of g Furtbcr -3 and SHAPE calculations for weaker curreﬂts
(W”Ocm/ssc) on this mooring vielded respective displacements of
¢7.6 and Stm. Therefore it generally ajspears that the L-5 resuit
for the horizontal excursion »f the subsurface float is siightly
larger than that given by SHAPE, whereas the I result may be any-
thing from approximately half to twice *hat of either,
L. SHAPE applilied to typical moorings,

pcthod was
which are

In view of the resu
chosoen to examine the

shown schematically in . , - tively. These
moorings are similar 1o what are u ~ ¢, and werc
designed using the general dato given in the anpendix to fullil

the following conditions -~
I . = ey - 3z Y e |
}a the nett weight »fF the nmooring is arcsund b, and
} the safety factors for the cables are at 5

S e

L) ¥

”@ﬂ resulting displacements and corresponding
nrofiles are given in ngo. E7, 9«11, and 13=15, with
the inclinations to the horizontal of each end of cable.
The 2000 and [ 000m moarlmgs are considered bothr with and witlhiout
a dan bucy, and so valiucs Ffor the soundings hwave been assumed.
These are shown in the relevant figu;es. However, sclutions
could nct be obtained in the cass of the LO00m mooring witli a
dan buoy in strong currcnts. F'gure Q@ shows tant the L' sphere
without a dan buoy is depressed by 131.%1m to a depth of 231.1m ,

Ny



HEIGHT m

NOMINAL HORIZ. DISPL. m DEPRESSN
HEIGHT m F L-S SHAPE SHAPE m
CM/SEC
2000 4'SPHERE O 2000 22.52 35.17 35.05 0.36
199
A %}{j‘i 1800 34.41 34.36 0.35
20
299
A 1 1500 31.66 31.61 0.34
1300 499
A [ 1000 22.85 22.85 0-26
499
0
A [T 500 12.30 12.31 0-15
500
0 TTCLTTY

Fig. 3. The test mooring and current profile with displacements given by the three methods,
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lost of the wvalues are

i

igures than are allowablie

snificant
hy experimental errors but

they are what was used in the input to SHAPE,

liiscellaneous

= 093¢

-2
020,665 cm sec

2l

1 1b = 453,59 gm

1 1bf= 4414819 dyne
The sea is taken to have a density of 1.026 gm/cc, and

with a salinity of 35% at 10°C the kinematic viscosity

is 1,356 x 1072 stokes (see tiyers et al, 1969 ),

Reynolds nunber R

The latter quantity is needed when calculating the
for the flow passed a body from the
expression

R = V’Cf//))

where V

nt speed and J
linear dimension of the body,

is the curre

is a

representative
Aeoustic release AR

weight in sea water = LO 1bT

= 17792760 dyne
dimensions: 3! 8%

x 8"

area presented to current = 204k cm?
Cables

A£11 the cables are unfaired and the drag parameter//A
is taken to be 0,05



(1) Polypropylene: Heutrally buoyant, 5 tonf maximum
tension, approximately 2" in circumference,
i.e, diameter = 1,62 cm,

(2) steel: Details are given below, | is the
nominal maxirmum tension which the cable
will withstand, and Ts is the maximum
tension in order to have a safety factor

of at least 2%,

cable dia, mm { T 1bf | Ts 1bf | wt/unit length

1bf/rm 'dyne/cm

4 22,0 | 896 : 0.11 | 1489.2
; ,‘

6 480 | 1792 | 0,22 i 978.,5
| :

8 8960 ! 3584 t 0.4921 ; 2189,0

Command Pinger CP

welght in seawater = 25 1bf = 11120475 dyne
cylindrical case: 4! 5" x 4" diameter

area presented to current = 1394 cm?



Current Meters

(1) Bergen A
weight in sea water = 4O 1bf = 17792760 dyne
cylindrical case: 33cm x 13cm diameter

area presented to current = 430 cm?

(2) Braincon B
weight in sea water = 40 1bf = 17792760 dyne
cylindrical case: 100cm x Z22cm diameter

area presented to current = 2200 cm?

Dan Buoy
Body taken to be a vertical cylinder, 42,34cm in

diameter with

38 cm length submerged

area of body presented to current = 1608,92 cm?

Bottom pole taken to be 10! long and 3,2cm in

diameter, area of pole presented to current =

975,36 cm?

Hence total area of buoy presented to current

= 258,28 cm?

Subsurface floats,

(1) CylindricaZl,
Cylindrical portion is 6! 2" x 18" diameter with
hemispherical ends,

Displacement in sea water = 812 1bf

Mass of cylinder is given as 323 1b

~F -



Therefore buoyvancy of a cylinder = L489 1bf
Treble cylinder unit:
considered as a cylinder 228.,8cm long x
02 .8cm diameter, These cylinders tow
broadside on to the current, hence area
presented’to current = 21233 cm?
buoyancy = 1467 1bf = 652549473 dyne,
(2) Spherical
diameter L!
area presented to current = 11690 cm?
buoyancy = 1440 1bf = 640539360 dyne.

Drags

The drags were calculated from the expression

L ? C > fd\ \ :

Z

where f is the seawater density, Cp dis the
drag coefficient, A is the area of the body
presented to the current, and V is the current
speed, Cp was obtained from graphs given by
Schlichting (1955) which show Cp plotted as a
function of the Reynolds number, The latter

was obtained by considering everything except the
spherical float as circular cylinders of diameter
equal to the smaller of the dimensions given above

for each item,



DB

POLYP. 100 NOMINAL DEPTHS m
4' SPHERE
6 mm 39
A : ﬂ_ 1 100
6 mm
188
cP } 1
6 mm 10
A R 300
6 mm 599
A 1 900
599
6 mm
8 1 1500
489
6 mm
AR il 1
10
8 mm
1090 ib ANCHOR 2000
Fig. L. Schematic diagram of the 2000m mooring.

Cable kngths are in metres.
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DEPTH m

800

1200

2000

CMISEC

20

15

50

- ﬁﬁW\L

NOM INAL DEPTH m HORIZ. DISPL. m
DEPTH m NO DB WITH DB NO DB WITH DB
o} 342.42
60 75.30 85.03 220-67 289.79
100 115.29 125.00 220.50 288.50
300 315.25 324.76 216-42 278.72
900 913.07 920.69 167.49 210.77
1500 1507.47 1511.67 86.00 107.28
INCLIN.® NO DB WITH DB
TOP 89.879 88. 318
BOTTOM 78.577 75.808

Displacements of 2000m mooring in STRONG currents, plus inclinations of main cable,
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DEPTH m

200

800

1200

2000

CM/SEC

30

10

Fig.

6.

20

Displacements of 2000m mooring in MEDIUM currents, plus inclinations of main cable,

NOMINAL DEPTH m HORIZ. DISPL. m

DEPTH m NO DB WITH DB NO DB WITH DB
0 146.87
60 60.85 61.33 53.28 67.88
100 100-84 101.32 53.15 67.53
300 300.-84 301.30 51-40 64.60
900 900.71 901.07 39.14 48-.36
1500 1500-40 1500.60 19. 95 24.54

INCLIN.® NO DB WITH DB

TOP 89.859 89.540

BOTTOM 87.387 86.-797




“LL”

200

DEPTH m

800

2000

CMJ/SEC

15

10

Displacements of 200m mooring in WEAK currents,

i}

i

NOMINAL DEPTH m HORIZ. DISPL. m
DEPTHm | NODB | WITHDB | NODB | WITH DB
0 99.65
60 60.09 60.12 16.19 19.74
100 100-08 | 100.11 16.15 19.65
300 300-08 30011 15.64 18.85
300 900-71 900-10 12.08 14.32
1500 1500.05 | 1500.06 640 7.51

INCLIN. ° NO DB | WITH DB

TOP 89.950 | 89.872

BOTTOM | 83.129 | 88.986

plus inclinations of main cable.




OB

POLYP. NOMINAL DEPTHSE m

4' SPHERE 100
8 mm 10

A —H 1 | 111
6 mm 388

A —H] 1 500
6 mm 488

cP 1
6 mm 10

A i 1000
6 mm 499

A 1 1500

8 1 2000
6 mm 999

B8 1 3000
4 mm 19

AR 1
4 mm 1070
8 mm

680 Ib ANCHOR 4100

Fig., 8. Schematic diagram of the 4000m mooring.
Cable lengths are in metres.
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DEPTH m HORIZ.
NOMINAL | ACTUAL DISPL. m
CMJSEC
O 100 231.10 881.19
50
] 111 242.09 881.16
H 500 630.89 869.88
E 800
XL
L n | - 1000 1128.80 825.09
(5 Ll 25
} Q
] 1500 1624.10 756.86
1700
e 2000 2115.96 | 667.15
| 3000 3085.42 423.35
10
INCLIN, °
TOP 89.879
BOTTOM 63.518
4100




CMISEC

200

25

800

20

1200

DEPTH m

1700

2500

4100

Fig. 10,

30

NAVNN

NOMINAL DEPTH m HORIZ. DISPL. m
DEPTH m NO DB WITH DB NO DB WITH DB
o) 559.53
100 117 -68 126.92 324.06 404. 96
111 128.67 137 - 91 324.03 404.83
500 517.65 526-82 319.72 396.59
1000 1017 .44 1026-42 305.62 376.83
1500 1516 - 87 1525-49 281.87 346. 41
2000 2015.84 2023-89 249.-76 306. 46
3000 3011.69 3017.63 159.34 195.38

INCLIN. * | NO DB WITH DB

TOP 89.859 89.318

BOTTOM 80.231 77.997

Displacements of L000m mooring in MEDIUM currents, plus inclinations of main cable,




DEPTH m

200

800

4100

CM/SEC

10

Fig.

11.

18

|-
H]

NOMINAL DEPTH m HORIZ. DISPL. m

DEPTH m NO DB WITH DB NO DB WITH DB
) 257.83
100 100-91 101.27 70.-89 85.36
111 111.90 112-26 70.88 85.34
500 500.90 501.26 69.77 83.50
1000 1000- 89 1001.24 66-69 79.39
1500 1500.-87 1501. 21 62.23 73.73
2000 2000-84 2001-16 56.32 66-43
3000 3000-67 3000-91 38-00 44.42

INCLIN. © NO DB WITH DB

TOP 89.941 89.851

BOTTOM 87.520 87.127

Displacements of 4000m mooring in WEAK currents, plus inclinations of

main cable.




NOMINAL DEPTHS m

4' SPHERE O 200
8mm 10
€ mm 288

A 1 500
€ mm 1499

A Z:pg 1 2000
6 mm 1999

A C} 1 4000
4 mm o

AR ‘ 1
4mm 1190

590 Ib ANCHOR 5200

NANN AN

Fig. 12. Schematic diagram of the 5000m mooring.
Cable lengths are in metres.
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_gz_

CM/SEC
0] o
50
600
20
E 1000
X
P
o
Ly
a)
10
5200

=

\\\\gE\\\\

DEPTH m HORIZ.
NOMINAL ACTUAL DISPL. m
200 292.26 804.23
500 592.15 797.04
2000 2087.60 ©81.79
4000 4064.12 383.94

INCLIN. °
TOP 89.879
BOTTOM 66-893

Displacements and inclinations of 5000m mooring in STRONG currents.




._1'[2_.

300

600

1000

DEPTH m

5200

CM/SEC

30

20

12

-

S S

DEPTH m HORIZ.
NOMINAL ACTUAL DISPL. m
200 211.48 275.83
500 511.46 273.12
2000 2011.08 239-80
4000 400845 140-80

INCLIN, °
TOP 89.859
BOTTOM 81.444

Displacements and inclinations of 5000m mooring in MEDIUM currents.




—gz_

CM/ SEC
) 4
15
600
7
£ 1000
I
-
o
Ll
O
3
5200
Fig. 15.

i

\\\\!\\\\

DEPTH m HORIZ.
NOMINAL ACTUAL DISPL. m
200 201.37 97.92
500 501.36 97.02
2000 2001-30 83:49
4000 4000-97 47.89
INCLIN, °
TOP 89.950
BOTTOM 87-137

Displacements and inclinations of 5000m mooring in WEAK currents.,
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