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Theoretical study on rotation of atether cable for remotely
oper ated vehicle

Yusuke YANO™*?  Shinich TAKAGAWA * *

Remotely Operated Vehicle (ROV) uses long tether cable for power supply and signal communication between a
ROV and its support vessel. However there have been many accidents on this tether cable, such as kink and disconnec-
tion caused by rotation of the cable.

The tether cable is usually atorque balance type with its strength members of inner/outer layer braided reverse direc-
tion each other. However, even if a torque balance of the cable is perfect, cable rotation occurs in most ROV's while
paying in/out of atether cable into the ocean.

In this research, calculation method of strand track of atether cable bent on a sheave was established. Applying this
calculation method, the mechanism of cable rotation was found to be the change of track length caused by bending of a
cable on sheaves. Comparison of the calculated results and measured data of JAMSTEC ROV s shows this calculation
method to be very good to explain the rotation phenomena.
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Fig. 1 Cablefree-fall test
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&, EAVREB IR B2 Y 2o TOHVE ARG Y FOMEDHET
LHDBHNEALN TV FOENIVRENDT, ARG ATV F
A3t de N ERRE T O =7V e b2l b,

=7 N DOHE AT R AHEST T IR IR A > C Al )
(KEFEFHED)ICER->TH HE 2L, WHEO ADMTIEst
AT YRR AT RN —T NV HE B LR B8,
WHEO AT TIZHETHRENTWED T, RN
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(B E 2 S HEN BT TR D (RFTRI D) ELTBlg S
Bo — 0, IHEO M TRAE AT > R A5l 5,
T bB TR REEHE D) I =7V H3 A %2
LIl Do Lo T —7 W ANEHEZHEB$ LB, A
A 2 5O I &b HEFT H I I A > T RIER 52 &
127 % SIUTEBOBIELLERLTnE, b riwn
HBRDSHD, (FD/NENS B BNIE, HiADKENT O
AN Y RIZIRI DA DY, #ERELTED AN VT
DI AT B 510 (lEe) FINCE 2L F 25 (HM112H)

EA T =7 VICHEA RSS20 zhliE 0N B A bL,
WIB AN SV RZFNZNDOE Y FEIZRDEINI RS

Po =ps +2
pil=p’ -z (15)

o

M1 #HEOMALNCE T 57— 7 voigh
Fig. 11 Cablerotation at the entrance and exit of sheave

ZZTZIZM2IZ RSN A X1 EEE/100m = 1% 10 [z
ImmOF*—¥—TdhHb, T2 ATV FEY FIZE+mm~
HEmmTH T, 205 (10°~10"/mm) & i LTIk
WM&V, L7225 o T F O TR 2O IZ M TE
LRNSVEOELT, Y THILET S, B, (15) KX
IZBWTC, zOFF 5 IEOR:, SV ATV FASbE I,
WNBANT Y B EL HINIEN 52 L2 R LTV A,

VIS E BB ONE HE AT 2 B REOZAIC
DWTIE, IENDBASTRFDOAEN ELTEN TN % AN
=Ns-Ag Ahg = N'g - A& 143040,

Ahs =N - Ag = (N5 - AN + Ag) = (V5™ - A$)2Ng

= ‘4T|.2ri2ﬂpi)\g
Mo=No-Ao= Vo = AN + A) = (N~ Ao )2
= ATPr, 2P s (16)

Eehe TIT 2 HAVNEWZEZ VT N+ A= 2 LT
Wb,

K11 TRLAZEINCHINE ATV FED 25O,
A7) AP TR, 2o REr—7 Vv ofahmzid
(18) AcEEN 5,

AXo - AN; - (Ahg - ANg) =0 17)

A)\O - A}\, = 4T12(r02/p07\50 + riz/piAg)Z
2022 (AN - ANATE (1, 1Pps IPoAs + 11PAs) (18)

COHE T, ENTW W — 7SRRI AD T
LEOEIIZOWTE L TWADS, AV LTIESNS

#1 KT W=7 — T Vot
Table 1 Specifications of tether cables and calculated results

D-3K D-3K D-3K PN | WIS | WA - K N A VA
No.3 No4 No.5 No.l No.2 [F] iy b D
br— 7 UHE (mm) | 305 30.3 304 440 437 174 174 27.71
Zrsy | WE 400 300 282 400 480 125 118 194
€y F (mm) | 41 g 250 245 250 250 380 99 100 173
Zrsy | WE 19 20 2.2 36 305 184 143 147
FEAME (mm) | 4 s 19 25 25 43 455 1.46 159 201
KAtxvy | W 128 12.85 129 187 186 778 7985 12.99
BLE (mm) | 4 g 109 106 1055 1475 148 6.13 6475 1125
Zrsy | WE 39 35 30 30 36 24 31 50
A% o I 33 24 22 20 19 24 23 32
WY v F LR (mm) 462 700 4775 610.8
N $/100m ab.+3 ab.-1 HREH ab.+1 ab.+1/4 | ab.+09 ab.+0.9 Aati
ZHEESL/100m 279 128 281 2.27 0.22 0.79 088 046

%) D3K: FIL7 4 »3K,
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D-3K-No.5

M H-No.l

12 FEWE R b > N — 7 VI
Fig. 12 Cross section of cables with quadrilateral strand

22 & — 7OV O ERG R & FHEAG R
Table2 Measured data of cross section of cables and calculated

results
D-3K D3K | »nIH
No4 No.5 No.1
b — 7 WAME (mm) 303 304 440
Arsvr | WE 300 282 400
T (mm) | g 245 250 250
Arsvr | WE 188 176 35
JEE (mm) | g 228 208 40
A5 v FiE W & 2.1 243 35
(mm) ot I 256 292 41
Bifxy s | WE 1248 125 18.35
HHE mm) | g 107 109 147
M 35 30 30
AT YRR
o 8 24 22 20
WYy FIEE (mm) | 462 462 700
&N £/100m ab.-1 AEH ab.+1
AR HL/100m -1.03 +147 +1.02

2D, (18) TR EN BIENAA S 72 IRE CHE HICH
AOTHIEN Do LIz o>TIDIEY A 572 (18) KT
5265y F 2 HWTHOFRCHEEZITY, H LT
DENEA) XN TEHZLNLEND T LI THYEL
FHREEZA TV, PORL 2z 25 5 ER e m U 2 50 §
bbb, IWOMCIENEFE AT~ N RS ORIUZz
BN W Lo r—7Vishzd it sh b7, kel
ToEhEERIE2zE 35, ALHITLRLETH 5,

JAMSTECR, 49 (2004)

6. STEER EJAMSTECER 7 — IV DOEHAIKER D thar

WER R HA 2 v 7 — CHH ERK O S L RIEH 7% —
=7V OHRER N INSD T —5 % W TIT o 7255k
B2 RUTIRT KEHNZBNILT, “FV 742 3K"No.4,
NO.SZ7 =7 K “PnZH"No. 1T — 7NV Z BT Hh D
=T NIZDWTIE, B EE ERHEIZRS KL Tw5,
DI —A T, AN UYRDBHRETH B0, HDHVIE
WAL L7247 7 F5FRPE 7 — 7V DI E T B TR DD
DTHoT, WTFNDHBAL TV FIEEREHEAY O EZ N7 [
W OLDTH 5.

FRICHLT, — K LW =205 —7Vi%, R£i{Lo
7 IFRPE r—7 N DRI E EAT 72 I L S 723
DTH-T, WIMEAE TIERUATIZEWIRE R 5T
W (M12B 1) 20720 £ UIRLTHHT—F (HALH O
MIERTHRE COMEEDEFFH VA LIIAHEY THY,
WDTH =T N DOH Y T % Tt % Ml L CHERHE
AT (322, B3 FIHAAE (B> 7VERID " S RO LA L
BEE AN T N EOEME (B 8) % 5 2 % 3L HHIREClE %
W, BERIEEL D ROE D o7z, 7272 H M % )
WRIRT B EI2ED, “FIV742 3K Nodsr —7 IV D laliis Jf
2SR T AHRDHH LA LIEATRENT N2,

7.8b1)IC
F—7NVEEYVIL B ER I AETEIVINT A
r—7NVOENESIE, DTo7ae 2% TRETLE

EPNVEESNTEEZ S

W r =T NERHETLHENERTHEANT VNI, 7 —
TN OFHM % MR TLHN TR AN Y FIICET
DB % % T b,

Q) r =7V PBETHITFSNBE, BHEZFTWBE AL
FYRE, CORBEEETLIIEClITONMIZE
Fo5 b, (HBEANTVF)

(3) & HAREE T DAV F THEAT L7z T, AMT VR
B ANT U R EHT A DR VEHB AT Y FiLE
~NEERT D,
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D-3K D-3K D-3K Kaiko

No.3 No.4 No.5

Kaiko ERfiifk Btk Hyper
No.2  ([R&h) (58) -D

13 JAMSTECSEH] 7 — 7L D32 EHIlR 5 & FH505 5
Fig. 13 Measured and calculated rotation of cables operated by JAMSTEC

(4) ZOKRE, r—TVHEMIRE TH 72D AT Rl
WEFRRLMBITE DY, AMT Y FILHEED L5,
B) —fEICZOEAADKESIIHB ATV REIE AT
YFTHRL S,

(6) r —7IVHHEHAZ A BB, ZOERZWINT B2
=703 5 FIANIIEN A

(D —TNWREEPL M BERIZIE, ABBEFUELZDHE
BEWINT B0 =7 VAFE U I ER 5.

Q) L7 o T — 7S B & il 3 5B, AYE
LFE UL —7 VAN b5,

WIFRAEEICBWT, RROTHF—7r—71% Hw
BTLRIVEATRTHY, Wil DL % r—7gh ik
INRICHNZ B 5N =T N e RETTHLEDR D L, 7r—
TIDERIRETO IV 28T 2 A% ERECHLS &9 %!
BERMED LI, FEFICHEETH LD, ARG Tith
L7z r =7V E TSN oNE - hE A
N o R OBLE K OHE R OZAICD Tk E R L) LB
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