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Nonlinear Dynamic Analysis of a Cable for a

Deep—Sea Unmanned Underwater Vehicle

By
Do—-Young Kwon

Department of Ocean Development Engineering

Graduate School of Korea Maritime University

ABSTRACT

Ocean developments gradually move to deep-sea in the 2/ century. A deep-sea
unmanned underwater vehicle(UUV) is one of important tools or ocean resource survey., A
marine cable plays an important role of the safe operation of a deep-sea UUV. An umbilical
cable of a deep-sea UUYV is excited by surface vessel motion and shows nonlinear dynamic
behavior. A numerical method is necessary for analysing the dynamic behavior of the marine

cable.

/n this thesis, the dynamic behavior of a umbilical cable of deep—-sea UUV is numerically
studied Governing eguations are introduced The equations are three dimensional, dynamic,
nonlinear and coupled /n the numerical analysis, an implicit finite difierence method is
applied for the fast calculation of huge size of matrixv. The nonlinear problem is solved by
Newton-Raphson iteration The program is appled to a 6,000m long cable for a deep-sea

UUYV and shows reasonable results.
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S,.2,— 582, +wycospcosd — Ry
2,(T+ Stand) —wsing — Ry +m, v, /ot
S $tand + TQ +wycos psind — By, +m ov,,./ ot
Q, — 2.0,

2, (v, +vtan®)

2, tanf + 2 v,
£,
2

n

EIf%tand — S,(1+ T/ EA)?
— FINM tanf— S, (1+ T/ EA)*

N BT 10x10 379 Az a o] frk Mol 75 )
Hee BE got

~

cosf

EI
EI
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0O 00m O 0 —mu,cos mu, 00

0O 00 0m+m, 0 muvcosh+muysind 0 00

0O 000 0 m+m, —mu,sinf —mu, 00
1/EA00 0 0 0 0 0 00
N= 0O 000 O 0 — (14 7/ EA)cosb 0 00
0O 000 O 0 0 —(1+7/EA) 00

0O 000 O 0 0 0 00

0O 000 O 0 0 0 00

0O 000 O 0 0 0 00

0O 000 O 0 0 0 00

PAPE FAdE B-DA S AupEAA 2 o] 24 W oeg= o] Erbedr] W

o ohelol ] AW FAANA B gl nANS F V2 FY £ ok

M—=N—+Q (3-6)

q71A,

Y

(7,8

n’

Sy 0y 0, Uy 05 0, 02, 02,) T (3-7)

AZE oMt Arolell A F2E Y] A e TAFSHapproximately) stz HsiA AR WA

2 o] Al4-5] o] 2t (Milinazzo et al, 1987).

AA Aol Lol 2ol S ot o] dojaie] Hojz NS otk

dolo] WE ylspt,)ol g 2As: Y2 gddud oot 2 £d8o] 7M.

Y= (Y:, .., Yy (3-9)
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1
livip= _[ti+1+t7ﬁ]’ At;= ti 1 —t, (3-10)

2
1
Sit1/2— §[S¢+1+S¢]a As;= 8417 8p B
— . - 1172, i
)/;'+1/2_ §[YZ+1+Y3]
M;H/Q: M(Y;H/Qv%ﬂ/%ti) j=0,.. ,N—1
KL= KTyt
o= LTyt
i+12_ L i
v, = S vty
A= LAV 200 0t 1)
j T KY gl 312

(8= KT s )

L§+1/2= L Y;+1/278j7ti+1/2)

(3-12)2)& Ef}td| xo]= Wl (trapezoid method) & ZA A<&d:= T A HFgS 3

stz el 24 g olgel B 4#E O((As))")+ O((At)*)sh 2o) B4 o

i — ” 2
['ﬂj+l/2_ [eﬂ(y(3j+1/27t71)75j+1/2’ti)+O((ASJ) )7 jzoij_l

(] é’+1/2: [&] (;(3j+1/2>t¢)a3j+1/27t7:) + O((Agj)z)’

5 — —

Lé’+1/2: L(y(sj+1/2,ti),sj+1/2,t7;) + O((ASJ')Q)’
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witl
-
At.

2

— Flsptirn) + OU(AL))

2= (5 pti10)58 st o) + OU(AE)?)

[[ﬂ;ﬂ/z: [[ﬂ(;(Sj;ti+1/2)73j7ti+l/2)+0((Ati)2)

L= Ly(spt )ity + OU(AL))
(3-13)

(3-13)4& VB A e ARdA o A75
AT e dgw
sw e 2o Add

g Bl FE, 24 ol ge YL

12)2 3 (3-13)4 = Ab&-ske] A7

J J it 1t
AS + I:rﬂj+1/2 AS (3‘]4)
i+1_ v i+1 j
1 (K]t 2 Y; S [ gkl Yiri™ Y
217 At &' At

—

o % [L§'+1/2 +ZT+_11/2]
—Y — KV I+ O(As )+ O(AL))

oA71H Eftuzol= WS AEetd thEa 2ol AeEth

L i ?Li L _yitt . i ?L"H _yi
TR+ =gt g+ U ==
NAitl v NAitl s
1 i1 ; Yiii—Yin 1 i ; Yy =Y
- B+ K | =+ T

L7 i Ti Ti

—Y — KV I+ 0(As,) + O((At,)?)
(3-15)
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H’}‘ﬂ'}\‘] (3715)&1 8 S = Sj+1/2’t - ti+1/2oﬂ/‘1 7‘11&&] O%%J_q'

(3-15)2 A Y —[K]Y—L=0 223 7 223 o] Aol dhte] &2l of(as)?)+
O((AL)) S FAFTE, (3-8)49 FWMe tesl o] zhetels] FHE 5 g},

QIR =0 =0, /1 (3-16)

(3-16)4 10N-D719) B2z FAH o] ot whe] mAWFE £ ONAZ T4
ol gomw, Faen AL FAA wok A 10707 womz 1079 ® e By
A Gok st=d Uw A 10789 WAL A
A% s 2k A 5 gom
2k

X

| =7 (boundary condition)o]A] Ao Zt} 7 A
L ANZRAL Eete] (3-16)A2 AEstH o

BN

il

@i+1/2( YHI, Yi) — 0 (3-17)

q71A,

By jy= (@Lﬂ/z @/51721/2 @‘71/2, @z+lé?2’¢z+1l/2’@5+1/2)

A7|A, 27148 YOe Aot sAT, (3-17)4 & 7 Aol A mAg ez FAE e 917
el MY WS 201 ¢ e AR FAHNA e AdEsior gk & ATl A

Newton-Raphson B2 f(x) =0 AN f(z) 9 nEg o83t Wi o &

Axe 5 Qs Wil
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oW A ro] 3¢ fE 00 HEF &= gholeka oW, o= ro] SAstEkL & S Sl
E
-

0
wkof f7 o] EAlstn Aol BlYe FE(Taylor's series)dl o)A th-g3} o] 3 H

=3

fr)= fla+h)= flz)+hrf' ()= 0 (3-18)
o] 7] A,
h=r—zx

9 Aol A 22 Orderd olst2 FAE G 4714, h= —f(z)/f ()2 9t 27t r2
aAastatd, x—f(z)/f ()= r2 o 7h7ke] 7tth Newton-Raphson W& 7o =

FAFoRA AZea, e o] Aol

(3-19)

(3-20)

Hol giste] BlY 55 (Taylor Series)E &34 YEH bS53 o] Yed &
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of4 of4
(3-21)
of, of,
fol@, +hymy+hy) = f2($17$2)+h18—561+h28—562— 0

(B2 M YEvE ArEL (2,2,)olA F7bs = A G204 b3t hhE

ab7] gk & o) AP FASA Ha, AFAEE fi, fr o AvE AFrt e,

b3

4

ofy  ofy ]
or, o,

J= (3-22)
ofy  0fy

B-2D)A A AL hy, hyo} gk B3 2ol 78 £ 9tk

hl fl(xpwg)
= —J ! (3-23)
hy f2(1'1=332)

RN ERUES SIS
& ges g,

o
I

g WA AL 7] 9138 Newton -Raphson W

xngr 1) a:gk) hgk)
o + (3-24)
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WA 2 Newton-Raphson WS Aglsfof st=d], o] 4%
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frtl
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o ofy ofr  ofy  of af,
0xr; 0Ty 0xryy Ox; Oy 0z
J =
(3-25)
8fi0  8f1o af1o
oxy 0T, oxy
]
A7NA, f; (1 =1~10)%= Awg2 1042 guis, 2, (1 =1~ 10)& 2 v
Tv’ Sn’ Sb’ Vyy Uy Uy ¢7 97 .Qn, Q{,‘% QU]??}E}.

fie ATAMEAAL g3t 2ol f(z) =09 ¢ Feiz vhebd Aolth

or _ m(% + Ub@_@ —v %0059) + (902, — 8,92, + wn, + R, ) =0

ok} ot ot "ot
a8, 0 . oV
8—; —m (% + %q;— (v,c080 4+ vysind)) —m, at” + 2, (T+ Sitand) + wyny + Ry =0

Y 0 . ov
a—sb —m (% — U,L%?san 4 vtg—? )+ m, 6? — S, 2tanf — 102, + wyny + Ry =0

0
ﬁ_Lﬂ—FQn’Uh_Qb’Uﬂ:O

os  FA ot
ov,, 1 % _ -
—s T (1 + =T ) ot cosh — 2, (v, + vtanf) =0
v, 1 a6 N N _
- T (1+ i >W D, tand— 2 v, =0
0
32—0030— 2,=0
00
s 2.,=0
8Q7L 2 3
EI- s — 2 Eltanf+ S,(1+¢€)*=0
012, 3
El— = + 2,0,Eltanf + 5, (1+e)’=0
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o E AMEAAL 10703 MASE 1070 @ Ahd dalA F 1.0 BEA o
2 T8 @ Agel st Azejek AP S TF Folk, F 84T o] FE T AHC
2 S WA G 7 aksh A7 @ Azude T@ Fole shte AA Axd 9
g 2o s, o] H4 L 4F3 Baaeh obel e Fig 3-1914% QA Amuler
29 uoFn gk 2 ARANE 1« BER FAEL, AAZANAE saqALE
B A e

TGN B 5 ool WAl &

o
e
I Y
o

R 4 MY B @ FE& o] FI YHAE BF 002
TAE Fholtt. webA o] YL FEH o E7] YA E 00] ofd AERHS M)A
Zolgte 5% FoWE AEd et ol

AR e FEA S A Y o] FEAE AR sk AEWHAYS FolstA dn
SHAINE AFWAA ] AFYEL gzt FEo] 00] &= A7 o EdA T et H o
A Eolido] dAT 4 ot wrebA ﬁﬂ5ﬁi%®Mpwme?ﬂ% 2
Aol A= 270l 7F-2-ZW(Gauss—Jordan) WS AFE-38}9 T

™

5x10
nodelnode

node|node

boundary condition

node.
node.n
n-1

»node

Fig. 3-1 Block structure of Jacobian
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Ak
m|N
flo
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=)
L
i

(a) y !, g 94 (extrapolating)ste] p7"1g& FA )

- . -1
V" Yonitial guesss = V4 o /[ LL] (3-27)

(3-28)

A, @ AL el A (3T A A ol

ytigeapy— ptl (3-298)

(c) 39 o' AioA Hdl ol Wske] ddjgk(absolute value of the maximum
relative change)o] 443 374 gk(tolerance) ok AvhH ) A 7hS FEA 7)1 (a) GAE b

oo a8 goew prrio A ge ARgste] (b) A S wHE T

“

ojdel A& WHEste] 4 Atel tiE & TekAl "

o,
dlo
flo
4r
i
e
J
'
2,
X
gl:
)
&

Hy = Aol st AW E =, SHEALNS A
ZoloW FHeA dt shA v, WETE o AR AR AE
sk FEgro s st ") o] WHFPL RE ZHZS ]

Adigts vz a3t o] ddH (Gobat et al, 1997).

i

I IR N < O]} -
T = M ;1 /Zl scali()) 730

q71A,
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GA BT o kol ARH BAFH
o2 BueA tg A FROE dof Atk we
S AzRE GY Beld £7b Ak ekl FRAS IFE ¥R (fraction) & FEAL A}

S5t H.

tolerance) Rt} 2o WA AL FEe A
5l

o
o,
N
N
N
o
ol
)
&
ot
N
f
A
u
o,

d
¢

K, A= XA+ ws K, A (3-31)
o] 7] A,
w ; AFRA gho] o] HOH TERA g IUE AR
0< <1 AR EAY SR A W AR AA uA
w1 A SRA A Wy HRT A 1A

Bk om g+ 52 ANGE A=V 2+ 4 o 2ete] FolAed, o] Arige Has

ofst Al WHelE 1 2715 BAGE o] obd AFRA =F(norm)o] Fe
F Uk Wy yo] =FE |y R dekith 293 L7k e =] AdiAE o =
A& WEshE Fof o Agolofof I

(@) x=09 #efol d&l |y >o°elth
®) |leXll = |dIlXl, c= &=

(©) [Lx+ HI<IIXI+ ] Hi
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W Y2 Y= (... 0@ A ol 0@ wBS de) X2 gou 5 o

O Fas Ao 49 4 wFo| Atk

o HEE e 2ol A Hrk

(a) 2%% ' ||X,2 EAF x2 Euclidean =Folgtuk HEr)

7

Iyl = | X 4 (3-32)
(b) %% ¢ ||X|.2 FAE,

||/Y“oo = max ,é<;'<ﬁ|ﬂ”;l (3-33)

B oAgeAE L AEEY
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4. T2IOWS o] F T oA

(

ol Aol M= v FEe] 7S sl Zeadel A GAA 13} AolEe] T4

NEe A¥R7lz Ik

7H e Ul 7HA R vl skt A MAls Al diste] 7AW,
F HAE s s Jpo] g6 A8 s 2R, A WAl AA el A
A2 ErH IS, Ao EE FANTOR TR FHgor AT HHoR P
st Aol thste] AgAA 7E A8 AT AYRA e 14 A
ofg AHEd EToR s 5, Alole ey AdEA dART @ Eshe
Aoz 7pgstal AAMAE d9etdth olm, ¥ (launcher)= f5 A3t Hojxla 7 o]
= AAll de= fFAE v 279 dFE T8

4.1 AT AZ A 1A Aol EAA

%
X
=
o
ro,
o>
%
-
‘0,
s
&
ol
€

Ak Aol&e 54 Golr 7l & gk ot e Fig 4-12

R —]_]
AA st Aolde B4 e A EHAE ek 9

et

Description

Inch mm
ELEMENT A
Fiber: 8.3/125/245 ym SMF
Buffer: Hytrelx 0.024 0.61
Armor: 8/0.015" Plow Steel 0.054 1.37
Belt: Polyethylene 0.074 88
ELEMENT B
Cdr: #11 AWG, Hard-drawn Cu
Ins: Polyethylene 0.156 3.96

ASSEMBLY
Core: Filler Rod 0.030" 0.76
Layer 1: 3 Element B's with

1 Element A in each interstice.

Void fill and tape. 0.344 8.74
Bell: Polyethylene 0415  10.54
ARMORING
1" Layer: 35 wires GEIPS 0500 1270
2" Layer: 35 wires GEIPS 0.583  14.87
3M Layer: 36 wires GEIPS 0.681" 17.30
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Nominal Values @ 20 C

PHYSICAL

Weight in Air

Weight in Seawater
Specific Gravity {seawaler)
Operating Temperature

MECHANICAL

Breaking Strength {(Fixed End}

Breaking Strength {Free End)

Working Load @ 0.35% Strain

Working Load @ 0.5% Strain

Rotation @ 14.000 Ibf

Recommended Bend Radius @ 10.000 Ibf
Recommended Bend Radius @ 14.000 Ibf

ELECTRICAL

Voltage Rating @ 123 volts/mil
Insulation Resistance
dc Resistance

OPTICAL
Attenuation
@ 1310 nm
@ 1550 nm
Proof Test

METRIC

1,112 kg/km
905 kgi/km

5.6

=30 Cto 80 C

205 kN
205 kN
44.5 kN

61 cm

2,800 Vdc
3.000 Maekmi
4.9 L7/Km

ENGLISH

747 Ib/kft

GO8 Ib/kft

5.6

-22 Fto 175 F

48,000 Ibf
46,000 Ibf
10,000 Ibf
14,000 I1bf
<1 /ft

14 inches
24 inches

2.800 Vdc
10,000 Molekit
1.5 Qfkft

0.21 dB/kft
0.21 dB/kft
200 kpsi

olef o] Table 4-1-& 919 Fig 4-1 A&
o AgAor o] HelE2 As it

(input data)< eI

Table 4-1 Input Data of Cable Characteristics

Cable Characteristic Magnitude
Cable Length 6,000(m)
Diameter 0.0173(m)
Net Weight 8.878(N/m)
Launcher Weight 14,175(N)
Young’'s Modulus 5.3E10(N/m?)
Cable Strain rate 0.005
Cy 15
c, 0.01

sbe8 ZHd A 13 AolE F

A 7-]E
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of Ao A9e T A
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% S0000 A % S0000 A
2 | WA AAAA 2 WA
W& W&
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(g) Excitation period is 8sec (h) Excitation period is 9sec
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80000 80000
50000 50000
[ S0 700 750 200 [ S0 700 750 200
Timelsec) Timelsec)

(1) Excitation period is 10sec (j) Excitation period is Ilsec

Fig. 4-2 Cable tension variation at top—end point for various excitation periods

with heave excitation amplitude being Im

99 Fig 4-22%¥ F7] 225 112749 ZE3S A9Ed 7pd F7)171 3

¢

z=
7P 2 AYSHEHS Boleth o] A3k AolEY AR @AY 4 F71E ghel i

422 A5 80 N 1A Aol dpEwe Wews

oJfl el AolE Ek(bottom-end)olA o] WAZS AHEI 2 drh 24
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(i) Excitation period is 10sec (j) Excitation period is IIsec

Fig. 4-3 Cable displacement at bottom-end point for various excitation periods

with heave excitation amplitude being Im

Fig. 4-3& 1A AlolE& £ (bottom end)oll A 2] B9 ¥stE vepda o) F7)7F 2
A4 FEAR 7P A7) AojAE AL & = 9lon Table 4-10] F0]7 Ao] &

o
delds 717 329 W AW LomAEE 7AW WHEE A gy v 2 2H
=

43 2F7HAS AL RS B9 Ao FHAFHNA

o Ao A= 24 & (heave oscillation)® % & (surge oscillation)& &Alol 7H3

ste} 1 AT Avnslw Ak FA% FHANE AT we) AR 9070

4.3.1 2§71l & F718 12 Aeol&o FHds)

A} FREFS FAG AERE del Aol AFAE FRRE WL B, 2, 7
AAE) 2o\ FARGE Im, 2RETE ImE 9447} 909 HALEE k Rom
Pigeh AF ) 9 oA R 25004 112744 WA el e Az
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Fig. 4-4 Cable tension variation at top—-end point for several excitation periods for combined heave

and surge excitations where the amplitudes of heave and surge excitation and Im and 3m
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