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Abstract

In this paper, a ship-cable-vehicle system’ s static configuration is shown obtained by
solving cable nonlinear statics. Eigenfrequencies of the cable were calculated by the fre-
quency domain analysis application of the linearized cable dynamic equations. Also ex-
treme tensions in a slack-and-snapping long vertical cable were calculated by the clip-
ping-off model.
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Fig. 1 Occurrence of tether snapping due to the relative
motion between an underwater vehicle and a ship
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Table 1 Static analysis results and eigenfrequencies

QUTPUT QF STATIC ANALYSIS

NUMBER OF SEGMENTS = 1
TOTAL LENGTH OF THE CABLE = 1225.000 M

CHARACTERISTICS OF THE CABLE

SEGMENT NUMBER 1

COORDINATES = 0. M-1225.000 M

LENGTH SEGMENT = 1225.000 M

MASS PER UNIT LENGTH = 1.030000 KG/M

ADDED MASS PER UNIT LENGTH = 0.2408160 KG/M
WEIGHT PER UNIT LENGTH = 7.742000 N/M
DIAMETER = 0.1730000E-01 M

FEA  =0.1116540E+08 N

BREAKING TENSION = 150000.0 N

STATIC DATA INPUT

NUMBER OF DISCRETIZATION POINTS = 101

DEPTH  1190.800 (M)

CONSTANT CURRENT PROFILE

CURRENT VELOCITY AT THE SURFACE = -0.44100(M/S)
NORMAL DRAGCOEFFICIENT = 2.20000

TANGENTIAL DRAG COEFFICIENT = 0.05000

LINE CAN LAY ON THE BOTTOM

SUMMARY OF STATIC RESULTS

NATTHETOP = 26196.900 (N)

TENSION AT THE BOTTOM = 16976.000 (N)

ANGLE AT THETOP = 73.654 (DEGREES)

ANGLE AT THE BOTTOM = 79.413 (DEGREES)

XFORCE AT THE TOP = 7372653 (N) (ON THE CABLE)

X FORCE AT THE BOTTOM = -3119.110 {N) (ON THE CABLE)
Z FORCE AT THE TOP = 25138.051 (N) (ON THE CABLE)
ZFORCE AT THE BOTTOM = -16686.992 (N) (ON THE CABLE)
X COORDINATE BOTTOM END = -295.23401(M)

Z COORDINATE BOTTOM END = -1190.80005(M)

ANALYSIS OF MAXIMUM TENSION IN SEGMENTS

SEGMENT NUMBER = 1

LOCATION OF MAXIMUM TENSION = 1225.0000 (M)
MAXIMUM TENSION IN SEGMENT = 26196.90 (M)
BREAKING TENSION OF SEGMENT = 150000.0 (M)

RATIO OF MAXIMUM AND BREAKING TENSION = 0.1746460

INPUT PARAMETERS IN EIGENFREQUENCY ROOT FINDING

LOWER BOUND FREQUENCY = 0.000 (rad/sec)

HIGHER BOUND FREQUENCY = 4,000 (rad/sec)

FREQUENCY INCREMENT = 0.100 {rad/sec)

ERROR BOUND FOR EIGENFREQUENCIES = 0.00001

THE MAXIMUM ITERATION NUMBER = 15

THE MAXIMUM NUMBER OF EIGENFREQUENCIES WANTED= 12

EIGENFREQUENCIES

1 BIGENFREQUENCY = 0.3993469 rad/sec

2 EIGENFREQUENCY = 0.6669922 rad/sec

3 EIGENFREQUENCY = 10013002 rad/sec

4 EIGENFREQUENCY = 1.3310061 rad/sec

5 EIGENFREQUENCY = 16653141 rad/sec
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Fig. 2 Ship-tether-underwater vehicle system[5}
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Fig. 3 Static configuration of ship-tether-underwater ve-
hicle (Different scales in both axes)
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Table 2 Extreme values of dynamic tension of a tether

(x 1000 N)
Cable Top Middle Bottom
Excitation max. | min. { max. | min. | max. | min,

40D, 1 He 1.573 1-2.239| 0.907 | .773] 2.056 | ~1.047

HD.2H 1.532 | -2.296] 1430 | -1.369] 2.073 | -1.160
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Fig, 4 Dynamic tension of a tether in axial excitation of
1Hz frequency and amplitude equal to 40 diame-
ters

Transactions of SNAK. Vol. 32, No. 2, May 1995



Ad #5348 Hie Aojgd] AF A7

Veh.=166B7N,Ship V=0 441m/sec.long.Ex=0.519m Freq=12 566r0d/5.Cd=2.2
axiot T T

T

~axi0t . L L
o 4

Dynamic lension in the Top (N)
©
‘,,|_‘ FUNPUPID UF SISO SUNPU GUIE VI S O

2
Time (second} ———=~ -~ Clip : Snap
Veh.=16687N Ship V=0.441m sec.Long.Ex=0 519m Freg=12 56610d/3.Ca=22
4x10 T T
Z m0*ft 4
-3 P
€
]
€
2
€
3 o B
§
3
'§ 4
g ~axaoth j
—axt0t L i
2 4 [;
Time (second) —--- clip : snap

Veh =16687N Ship vm=0.441m/sec Llong.Ex=0.519m Freqw12.566rcd/'s.Cd=2.2
4x10 T T

Z axa0th -
&
v
£

£ o bl
H
*
H
s
)
§

b3 —21\0‘{ B

]

il

~axip* N " ]

0 2 4 3

Time (second) ~~-=~ clip : $nap

Fig. 5 Dynamic tension of a tether in axial excitation of
2Hz frequency and amplitude equal to 30 diame-
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Table 3 Extreme values of dynamic tension of a snapping

tether (x 10000 N )

Cable Top Middle Bottom
Excitation max. | min. | max. | min. | max. | min.
40D.2 Ha 5088 |-2.620{ 1.840|-1.948) 2.326 | -1698
[ 339 | 261% 21612 | 16976 |
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Fig. 6 Dynamic tension of a tether in axial excitation of

2Hz frequency and amplitude equal to 40 diame-
ters
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Table 4 Extreme values of dynamic tensions (x 10000 N) Table 6 ls'l‘y,xtll)'eme values of dynamic tensions (x 10000 N)
: 30D :
H | e Top Middle Bottom He | Top Middle Bottom
z 2
(rad/se0) "o [ min | mex. | min. | max | min bl "y | min. | max. | min. | mex. | min,
0110628 | 0446 [-0469] 0912 0,025 1.382 | 0.441 0] 10628 [ 0.751 | -0.783] 1.2231 -0.345 | 1.697 [ 0.118
0211257 | 0256 |-0.608] 0.753[ 0.191 | 1.282 1 0.264 0211257 10545] 0,902 1.069| 0513 ] 1.558 | 0.066
0.3 11885 ]0.130 |-0.643] 0.682| -0.277 | 1.180 | 0.159 03118851038 | -0.900] 1.003] -0.601 | 1,527 | -0.188
041251310009 1-03301 0.648( 0.604 | 1.182 | 0.060 0412513102551 -0818] 09751 0.6611] 157210339
0.513.142 [ -0.024 | -0.606 ! 0.632 | -0.372 | 1.225 { -0.031 05 (3142 10295] 0.888] 0.971 | 0.715| 1.665 { 0.478
0.6 | 3.770 | -0.061 | 0.548] 0.625 | -0.400 | 1.268 | -0.099 0.6 [ 3.770 | 0.332 | 0.9281 0.9711 0.747 | 1.738 | 0.585
0.7 14398 {-0.003 | -0.701 1 0.625 | 0.444 | 1.335 [ -0.235 0714398105971 -1.2671 0990 -0.812 | 1.8651-0.776
0.8 |5.027 { 0.213 |-0.931] 0.661 | <0.500 | 1.449 | -0.390 0.8 15027 | 1.041 | -1.7271 1.057 | 0.903 | 2.036 | -0.986
09 156550484 [-1.198] 0.716 | 0574 | 1.584 | -0.546 0.9 [ 5655 | 1.550 | -2.2281 1.117 | -0.980 | 2.201 | -1.181
1.0 16283 ] 1.007 [-1696] 0.702| -0.567 | 1.738 | 0.724 10162835771 ] -2620] 1183 -1.172 | 3.078 [ -1.698
1] 1691211473 [-2.159] 0.662 | 0.527 | 1.905 | -0.913 1116912 6394 | -2620} 1.269| -1.257 | 3.742 | -1.698
1217540 ) 1747 124501 0630) 05251 2 019 -1.050 1.2 17540
131816811826 1-25411 0671 -0.593 | 2.054 | -1.10] 13 18168 { 3779 | -2.620] 1.379] -1.210 | 3.251 | -1.661
14 1879 | 1.813 1-2.5381 0.738| 0.674 | 2.052 | -1.104 1.4 18.79
15194251 1.761 |-2.496| 0.807 ] -0.752 | 2.046 | -1.110 1.5 19425
1.6 [10.053 | 1.659 |-2.389] 0.882 | .826 | 2.040 | -1.107 16 110053 | 4428 | -2.6201 1411 [ -1.787 | 3.193 | -1.698
1.7 110.681 | 1519 |-2.2401 0.965 | -0.904 | 2.025 | -1.096 1.7 [10.681 | 5.156 | -2.620] 1.475| -1.860 | 3.221 { -1.698
1.8 111.310 | 1.375 |-2.100] 1.118 | -1.047 | 2.010 | -1.085 1.8 111.310 | 6.241 | -2.6201 1.692] -1.978 | 3.130 | -1.578
1.9 11.938 | 1.389 |-2.132] 1.287] -1.222 | 2.029 | -1.106 1.9 [11.938 | 7.126 | -2.620| 1.846 | -1.866 | 3.842 | -1.698
2.0 {12566 | 1.532 | -2.296| 1.430| -1.369 | 2.073 | -1.160 2.0 [12.566 | 6.870 | -2.6201 2.032 | -1.954 | 3.279 | -1.500
Table 5 Extreme values of dynamic tensions (x 10000 N) pulsive Motions of a Horizontal Shallow
: Sag Cable”, Ph. D thesis, MIT, 1985
g | e Top Middte Bottom [4] AEA, "2 o] —"'é"'-g] :—'lj"\;_]'zc}' o] 847
s "y | min. | max. | min. | max. | min, 3 AE-ARAFAT, RA2A G =Y
01 | 0628 | 0599 | 0.625] 1.068] -0.184 | 1,539 | 0.28] M29d8 A4z, 1992
021125710401 | 0.755] 09111 -0.352 | 1.395 | 0.099 [5] Yoerger D.R., Grosenbaugh M.A. Tri-
03118850259 | -0.7721 0.843 1 0.439 | 1.3531-0.014 antafyllou M.S. and Burgess J.J., “Drag

04 1251310119 -0695¢ 0812} 0495 1.376 | 0.139
0.5 3142 | 0.125 | -0.736 | 0.801 | -0.544 | 1.446 | -0.254
0613770 | 0.113 | -0.714| 0.797 | 0.573 | 1.501 | -0.341

Forces and Flow-included Vibrations of
Long Vertical Tow Cable - Part I : Steady

0.7 | 4.398 | 0.965 | -0.951] 0.807 | -0.627 | 1.601 | -0.505 State Towing Conditions.”, Journal of
0.8 |5.027 | 0286 | -1.290 | 0.860 1 -0.702 | 1.746 | 0.691 Offshore Mechanics and Arctic Engineer-
0.9 | 5.655 | 0.98 | -1.678| 0.920 | -0.781 [ 1.906 | 0.878 ing, Vol 113, May 1991.

1.0 1628311573 | -2.239{ 0,907 | 0.773 | 2.056 | -1.047 [6] Suhara T Koterayama W., Tasai F. Hlya—
11[6912 5388 | -2620] 0839 -1.023 | 2.878 | -1.698 ma H. Sao K. and Watanabe K., “Dy-

127540 | 3948 | -2.620| 0,966 | 0.929 | 2.929 | -1.698
1.3 8168 | 3257 | 26201 1,066 | -0.881 | 2.838 | -1.63]

namic Behavior and Tension of Oscillating

14 1879 | 3023 | -2.960] 1.076 | 0.989 | 2.710 | -1.520 Mooring Chain’, OTC 4053. the 13th An-
151942 | 2972 | 26201 1.077] -1,037 | 2.680 | -1.554 nual Offshore Technology Conference,
16 10053 | 2.920 | -2.620] 1.118 | -1.150 | 2.756 | -1.708 Houston, Texas, May, 1981

1.7 110681 | 2.761 | -2.620 | 1.238 | -1.293 | 2.591 | -1.625
18 11310 ) 2954+ 2.620| 1446} -1.569 | 2.058 | -1.585
1.9 111,938 | 3.944 | -2.620| 1.651 | -1.766 | 3.063 | -1.698
2.0 [12.566 | 5.088 | -2.620 | 1.840 | -1.948 | 2.326 | -1.698
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