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The Safety Assessment of the Connecting Cable in Deep Water
Unmanned Underwater Vehicle
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*Dept. of Naval Architecture & Ocean Engineering, Chungnam National University, Daejeon, Korea
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KEY WORDS: UUV(Advanced unmanned underwater vehicle) 5$13%, Umbilical cable 13H#A°|&, Snapping U1, Impact
load %43}, Nonlinear dynamic analysis 143 &2 34, Newmark-B method, Safety assessment $t4] %7}

ABSTRACT: In this study, the dynamic response of the umbilical cable in a deep-water unmanned underwater vehicle system was analyzed. In
order to analyze the forces acting on the cable, the launcher and umbilical cable were modeled by the simple 1-D mass-spring system. Damping
and dynamic analysis was carried out by a direct time integration scheme using the Newmark-8 method with inverse iteration procedure,
considering the nonlinear drag forces acting on the launcher. The obtained results of the present study can be used for the design of connecting

the structure of the launcher and cable of the UUV system.
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7|, F,, : Inertia force, F7, : Drag force

p : Mass density of sea water, A : Projected area
V' : Volume per unit length
Vg : A reference volume (total or sectional)

v, : Relative velocity

a : Particle acceleration, a, : Relative acceleration

Morison 2}9] AHE A= FAYAS] JE&E=9 Added
C,) B Drag coefficient{ Cp)©l S % &3]
F4 sk Aol 7PE F8%H, £ A oM e AlzEe
2] $70) 4 2,000melA 6,000m7tRe] Asjele Zetst
o Wave % ZFd 93 dgke] A9 gl 74_; 7H=sto
2 FAYA AH 9 FRE ZASARL, $53A5329] C,
2 C,9 32 Dnv(000)sIA AAZ HFALE HEEch

mass coefficient(

23 AlAE 2884 9 AHojSol ZHal= &

AA Mg 2189 7 F 2389 MR AdS
T3t Fig 35 Zo], BHY &5& XEF2E HHG
712 7R 1ARE 2xg-ARAAAZ Jekd £ glen,
Aolgd Hele & Akt st M A 9% 75
A=) e} Aol AAR, Point (a) Z A 2 AolE
9] A%, Point (b)E A3 AT

231 AlAR 2EUIAl

Az $EPANe Aok 723 54 2 1 AY
87 SN AE3E FAYAGE] o8 MuYY 422
20 B, ol @ 40 wet o) % b JuE nefd
# ik

(1) Aol2ol) VY (Tension)o] 2H&354= AS



A8 FeA d@AclES ¢d

yt)= sin (wt+§)

HE(2H)

point (B

Fig. 3 Idealized 1 D.O.F. system

kz—y)  cle—y)

[T
=

-]

Mz

Fig. 4 Free body diagram under cable tension

Aolgd o] A&ate AS, #3AFEAN I A
EA=E Fig 49 vehd uie} o) 513’- l’\EéH S

’«‘1° 2249 A 2 FHAYE 1A @AF o] &

< F AT (HE&E 5, 1986).

Myz+ Cla—y)+ Kla—y)=F @)
h 2F y
ARz 2F e 371 T FIAFZA] 2F &
Aol S7HEZF & M FHAHA Zdske wHEF
%9»] oz vepdch
()

M, =]l_11+,Ma=mL+m +pC,VeXa

(+h B4, K
Aolge) 34 Ke ANEE & 35 B Y @4 ¥
oz AP thew 2ol 7 4 Uk

EA,
L

K= ©)

71

Fit) l

rL

Fig. 5 Free body diagram without cable tension

() 24, C
23] ce Ayl (ol Wt T ge Hoz Folunk
Q) FREANA A (B g 01~0.068 &E oM,
£ FAdME fAZrE 27] dEd FAE F e =
ol
C=2/MKx @
@ AR %, F
52 AA 35 F,ok A 488 3 3 £, E
EREM (942 olg3tel thest Dol e & Atk
F=F,—F,1) ®)
E‘,(t)=§pCDi|."'clA o)
(2) AClEA QB0 FE3HA B BT
Fig. 2 (b)oll X9} 2o] AolEdl o] A&3A o= 7+,

Ajz="le) 254 Fg 594 RHE B}sz} o] FHolrx
Q% Y 271 9L Aslael chest 2ol 2L & 4k

Myz=F (10)

Aolgol Q1go] Hg3kA 2e Wl AF M,E AolEd
S7HA%S Adstn ot 2ol vehd & low), wad
3%, Fe @4 SYsith

My=m;+pC,VpXa (11)

23.2 FHolEd =Esl= &

2149 713 3ol AlolBol o] 28& S Fig. 39 7t
4ol A (9ol Fgshe d Te AolEd e Aoz ¢
3 AYL & 5 on, 5 @M I T=

T=Clz—y) +Klz—y)=F- Mz (12)
Ao}t AlolE dAR @ %

s 2o AR 53
A9 (b)zdo\ A9 ARE Tew

23 Aolgel A



78 014 . Hul7 .

2ol 78 + itk

Tw=T-W, (13)
Ty =T+(We— W,)) = (mg—m,,) <Xy (14)
471, W, : Aol AA9 B9 AF

W, : S7HAF HEel B9 A3

Aolgel ol #AE3A & 77 T2 u23 2ok

Tiy=0 (15)
Ty = TH{(We— W) — (mg—m,,) X Y (16)

233 Fo|2e| S

YukAQl 1A e AXH- AR Aol 22 A
e 1 A9 537 Asol S vXA "ok & d79 13}
Aold Al AA AHFE 7HR AEAoln2 A AldA A
ol&9] FFE FAIT 4 §l3, Fig 394 BE uje} o) #
ol8 A9 7|QR S SU/HEF FdeR nEstojof it

A FAAFA QoA AolBe Ho| Wekog Hifo] &
X5 U3 Z} FE HYE ¢ U FOoIHE HFH
22 BAHY] AHSE2 HA 1AFE 2=3d-AFAZ 7
A7ldE otel Fezb wEdh Aelge M (m, )
Aol B F5A5FR)e] AL wt AFgHog Aoy
o] AANAF m 9 1/3904 04u] Ax Apole] ez veh}
A Hed, 2 dFdde 535839 2 4 $4(200m,
2000m 2 6000m)d oistd FFQAH(ANSYS)E o] 83
AL 1{FAFHNE YL 2 ARE IAHHRE 22HY-F
A n{ATFe} Aoz AoEo] WA LH
A7) 713k F7HEFY AV1E FAsAh

24 NAHEI 2EUZA9] 6iY 7Y

TERAAE Eol Al2He FASEES @] S8k At
49 HEH FolA Unconditionally stabledt 3|& F=
Newmark-B & AH3IAT. Al&Re] 5844 Aoy
of A&shs de TP w2t @) R (1A= gAY, §)
A9 T 9] WA £59 FFR RPHBE, ASH9] ¥
FRAFAL V1R HoE F A v S e Ao

gty & delMe olz3t Bldd BAE elFoez &)
A7) st 7 A @Alel 7 FEE w7kA] B
°2 #M& $Y3h= Inverse iteration 71'H-& H-E-3FTh

3. TA| siA

=2
8% FEAFAXE 4ol a=7,600mm,

Table 1 Weight and evaluated ballast of the launcher

Classification In airflkg] In waterfkg]
Structure 570 471
Propulsion 107 85
Electrical & control 328 216
Navigation & instrument 70 9
Total 1,075 781

Table 2 Specification of the umbilical cable

Classification Metric
Diameter 0.01735 m
Weight in air 1,090 kg/km
Weight in water 874 kg/km
Modulus of elasticity 44.956 GPa
Breaking strength 191 kN
Length 6,000 m
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