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Abstract: Under harsh environments in which remote control is impossible, wire-guided control technology is effective for
controlling distant underwater vehicles that serve mother ships in missions, such as exploration and installation. When the fiber is
unwound from the spool, tension fluctuations occur in the fiber because of the relative velocity of the moving vehicles and
unwinding velocity of the fiber. As a result, fiber cables exhibit complicated behaviors, become entangled, and may get cut. In
this study, a spool-like design for winding tens of kilometers of fiber cables is proposed by analyzing cable winding. The
unwinding performance of the designed spool is estimated by performing nonlinear dynamics analysis of the nonlinear behavior
and tension fluctuations observed during the unwinding of the fiber.
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Fig. 1 Schematic representation of Payout dispenser;
Outer(left) and Inner(right) winding packages
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Fig. 2 Winding status of Inner packages
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Table 1 Dimension of optical fiber cable

Diameter Density Total winding
length
0.7 [mm] 1.4[glcm®] 50[km]
T+dT
'\6 +d@

Table 2 Dimension of spool package

Radius (¢) Length (/)

Inner package 180.0 [mm] 260.0 [mm]

Table 3 Resultant winding velocity and winding time
(winding velocity v = 3.0 [m/s])

, u, time
[rpm] [mm/s] [min] Fig. 6 Unwinding dynamics of optical fiber cables
360.8 ~ 159.2 4.21~1.86 1.0~23
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Fig. 5 Designed inner spool package
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(c) Unwinding balloon shape at last layer

Fig. 7 Balloon shape during unwinding from inner
winding spool (non-dimensional value)
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Table 4 Tension at eyelet point during unwinding from
inner spool; unit [N]

Center
2.07
1.44
1.26

front
1.17
1.10
1.09

rear
3.93
2.16
1.62

first
middle
last
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Fig. 8 Tension at eyelet point during unwinding from
inner spool

3.2 HMotEl AFEo EF sy

A Fig. 5 ¢ #ol] AAE WS 2Ed ¥
s S AEsGnh B Aol A" F
A7 8l £5E 100 kph o)W, &7]50lA
= 3E 7HAsY o] 52 EHAE B
A6 A% A= Fig. 7 3 2vh A~E 4

9 EFHAE EEY 34 AA A7E 20%9]
scale = FA4% A4S HoFH, Fig. 7 o] 1A
H AFEe T A5 gholth

BRI EHAE T nAFHANA LS
o7& o] Ay} Fig. 8 ¥} Table 4 o Z 3o}
w, Hqt 9149 176 N7 393 N, 1.09 N ¢
2 Ha4 gl 747 s s o F
AAE FHe] A ©@x] 9 7
Ay ZAFE ARESEAAIR, olg A
Ashd AA Fro] ek Qe
~

T

Zo
o
ATt
Aol g
< H ®ol A
HEs A5

i

o]
2R

ot

A ~2E29E Y 59
©OEQH M WA

I Aol A YA sk A

(
A5

Y

I 2 °
[
Q‘L
32
o

RS
o}
JE
o

& 2
>

flo 2 oo flz
=
oft
o
i

by P
Xl
o

2 ox Y 9
g

[y >(
ta
e
o

(1) Kwon, D. Y., Park, H. 1., 2004, "A Numerical
Analysis for the Dynamic Behavior of ROV Launcher
and 1Ist Cable Under Combined Excitations,”
Conference of the Korean Society of Ocean Engineers,
pp- 198~203

(2) Cho, G. N., Song, H. C., 2003, "Dynamic Analysis of
ROV Cable with the Coupling of Ship Motion,”
Conference of the Korean Society of Ocean Engineers,
pp- 94~98.

(3) Forecast International website, Anti-Submarine
Warfare - DM2A4 Torpdeo, www.forecastinternation
al.com/archive/asw/as11545.doc

(4) Padfield, D. G, 1956, “The Motion and Tension of an
Unwinding Thread,” Proc. R. Soc. London, A245,
T301

(5) Fraser, W. B., Ghosh, T. K., and Batra, S. K., 1992,
“On Unwinding Yarn From A Cylindrical Package,”
Proc. R. Soc. London, A436, T479

(6) Jaan Kiusalaas, 2005, “Numerical Methods in
Engineering with Matlab,” Cambridge University Press



