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Evaluation of a Prototype Fiber Optic and Electromechanical
Cable for the Tethered, Unmanned Vehicle Dolphin-3K

Mutsuo Hattori** Taro Aoki** Kiyoshi Ohtsuka*®
Masao Nomoto** Kenichi Takahashi** Hirokazu Sato**
Shuzo Hisamoto*®

A prototype fiber optic and electromechanical Kevlar cable wad de-
veloped and evaluated for the Dolphin-3K (3300m ROV), whose development
began in 1982 and will be completed by 1986. Tests were conducted in

~ accordance with various mechanical and high pressure test plans.

The results show that the same type of cable could be used for the
Dolphin 3-K, breaking strength of the cable exceeded 15 tons, and pressure
tolerance was about 44.1 Mpa (450 kgf/cm?).
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| Specifications

e | | 1. Vehicle
1) Dimensions : 3(L)x 2(W)x 2(Hlm
2) Weight : In air/in water 3.3 tons ./ 10kg buoyancy

b— L E‘ﬁz"’%"ﬁ:"y 3) Operating o
depth

4) Payload : 150kg ( Max)
5) Speed : Forward 3knots, Reverse 2 knots, Port/Stbd 1.5 knot

Up/ down 1 knot.
6) Propulsion : Hydraulic F/R 2 X1lkw
P/S 2xTkw
U/D 2Xx7Tkw
7) Instrumentations : Color TV, b/w Stereo LLL TV, Lightx 6,
35mm Still Camera, CTDV, Current meter, Force Feed Back
Manipulator (7 d.f.), Grabber (5d.f.), Cutter X2
8 ) Navigational @ Obstacle avoidance sonar, Altitude sonar, Depth metor,

equipments Gyrocompass, Rate sensor, Tilt meter

2. On board equipments
1) Control Van
2) Launch and retrieval equipments (5,000m, electro mechanical-fiber-optic

K1 Fwz4—v-3KVYXFLark Cable)
Dolphin- 3 K System ' 3) SSBL acoustic navigation
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/14 main. power conductor 3x 3.15m ¢

At insulator

T4 H Y 7I4R

power conductor for control 4X 1.1 m¢

AdE  insulator

K77A482= b
optical fiber unit

MEF2—7 pressure tube

G A VN

kevlar tension member

outer sheath

\?
/ A v — R

"--._‘—-_—:-’y N — R

inner sheath

2 =Tl

Test cablecross section

=1 FHE&HEH

[tems of mechanical test of the cable
7 M A B IR H ERr—-TvE
classification items cable length
- S ]
m
structure
% & W ﬁ 200 m
conductor resistance
g # ? & ow 200 m
general insulation resistance
M & K
withstand voltage 200 m
7 7 4 N EEIEK 200
transmission loss of optical fibers
ZE NI L&y — 7 IWVORERHIE 566
temperature measurments of coiled cable
= ﬁ o -@ 9m X 4
cyclic bending
ﬁﬁwﬁb%lﬁﬁb o E X 3
B Bk cyclic tension
special 201
’ ﬁb@bﬁu Ilm X 2
cyclic twist
B ¥r &k 7
X
breaking strength J. 5 m:X 3
M K HE
high pressure test 200 m
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Measured transmission losses of optical fibers (after cabling)

NG =) load cell

. —

@ wave length ety e wave length 13 #m
fibers | %M (dB/kn) | HIEM (dB/km) | HEM (dB/kn) | AIEME (dB/km)
specified wvalue measured value specified " value measured value
F red 2. 60 0. 51
F blue 2. 73 0. 66
E, el 2. 78 0. 69
3. 0 1. 0
EH, Ne? 2. 78 0. 68
., No. 3 2. T8 0. 68
Ed_ No 4 2, 73 O¢ 65
3 Bey |
turn pulley ;a/ble shop r—7I, cable
FhLh, 7"._.
N Y // R —
Q V \ / X drive pulley
%L___.h_ . W ] _ _ ) C\ -
\ q ﬁD_F"E)L’ \—/ S °

power cylinder 74¥
wire B
‘ i ‘ motor
X3 EfE iR DK
Cyclic bending test
= 3 EiHEARE R
Results of cyclic bending test
F— VERm | r—FAEIROHE | HREREE (ton/m) | BT TOMEHEIEEL
No. number of bending
diameter of polley cable tension side DPressure | pefore breaking
I =% "% 1.0 4.0 8.0 20. 060
2 — 1 2 Vs " 21. 264
1 =2 7 5.0 10. 0 3. 960
2 - 2 V7 o 7 4. 120
1.~ 3 ” 7.0 14. 0 876
2 — 3 ” ’” 2 345

36
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Calculated maximum tensions of the cable

7LT VY aF R ER
k; = kg/ m
spring constant of
rum tensioner

E—27vm TR
hanging vehicle
R ok 7]

cable tension 660kg

BE+ - vmD MR
weight plus hanging vehicle

® ik /]
cable tension 2660kg

100 923 (kg) 2, 921 (kg)
200 1, 214 3, 206
300 1, 629 3. 521
400 1, 972 3, 864
500 2. 325 4, 250
(BAZEHEE (MS) itk3. Sea State i 4)
T )
P
50
LB 0 r—F DT
$ 1.5} ,,..-;‘,'E:',.O’ ———Cable elongation’
P ...-""ﬁ" '
S cte
o K -0 o~ |
8g ! ,..-g.:o”,o’f
g~ L0 i L,
4 3 T80 O
g o A~z o~
SR 75 7 -
= # .---&f.-*g# ..--"0/
g S 05 % O ——_ 0~
i N .-'Or
fEI | o f=ikig 5%k
H & :/ o A “transmisson
il . : loss
ARt :
9 4 6 8 10 12 14 16
%'Eﬁ (k) o——0 1[EH, 1st cycle
tension ( ton) A———A 100[EE, 100th cycle
X4 #BERL5IEREROREE
Results of cyclic tension tests
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1T-1. AKEZRERITIZ, MRICT | X BHEYEE

O ¢60em D F I LITE N4 —7 v 200m %

BEF Lco BlXEHEMOKIRE, 75745 %]
DTG, KEEOEBLYROR VR EBLTY
— 7V S mAIRKEAICE N, Figicid/NMIoO
MEEORER SR AW 1, 20T 200mD
Y7 7 A NIERAERER L T400m & L, HfzkiE
KOREEIT>Tco 6KDT 7 A NLRD DB 2
AKFOFERL, 1xidEEER (0.854m), |
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FiAE L1,
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2 WKL (1 72 — T RTR
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BHEDONWT AT F AT — 2 -5 5ARWTERE
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IIHE 7 # = b » B — %k DBEEINSE A~
HE U T2, ¥— T VOEKER, #AEROE
Bl — T NWVEIEE D 1m, BRELD20~30mdD
MTHIE L 12,
PITHRESRBERIC >V TR 3B, HBEE,
B £ 13 60kgf /e /43 (5.9 Mpa/43) & L7z,

3.7.1 T8
IKEDKFNEF = v 735728 200kgf /enE
THEL 72 IR X B2EEEBREIBEBDSNIEH
ol
3.7.2 T E = B

AR 5 EIT - e €DHERKRDELD
TH 5o
(1) 375kgf/cit ( 36.8Mpa ) ifit iR

K 100kef/cf (9.8 Mpa ) T & i3 EHELE L
(EEBRDOREETT -1 TEIE 376kef/cd T
105 MREL, 2D 100kef/cd T & IC 3 43
B UTREL 72,
(2) {=£$85H31.0dB /km (0.4 dB/400m )PIE
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Zitd BKEE TOIE
2. SREN . ERXEST—TNOBRETRL
IHETH B, INEICK BEEIEL 1.0dB/kn i
ET BKEZRD B72DITIT - 720 450kgf/ it
(44.1 Mpa) T 0.4dB/km%#&Z 1D T, 453knf
/R TINEZE IE LR L7, BRI mER]
DEICERE - T2,
(3) 375kef/cf (36.8Mpa) # bR LINE

375kef/cit £ TOMESE 2[@fT 720 1EIHD
METE, "HET270kgf/cf, EFHE T300kef
/et T2 D HIBERNSEML TV 308, BET S
CEREDIEICR > T3, 2EHOMET
bREMRESMERZR LTz, CDH, 74— b 1
T—FIKY, BROWARKUIMEARAIEL - &
LA, BE3~BELIRRTLIICT 7 4 /N0
DIKEPTD S — VA THRESERL TV 3,
CDRRT T —Tg| EFHOEYINTT 7 47350
WMEBEL T2, INERRELy — v
BRI T 7 A NREBEBLEENT 7 4 208D
R A L 22 EEZ NS,
(4) 600kgf/cd (58.8Mpa ) MH/EKER -
R IC 600 kgf/cd & TOMEAEIT - 1o it
BRI, BoRLUEBROHER, 300kgf/cdbims
WRTHERFRFREINI, LrL, ¥—FT D
MECEBERBLIT 7 7 A NERA LI F 2 —
TOMEREABI-DIC DRBAIT - 12, IFE
i3 600 kgf/cd T TITVY, 600kgf/cd THEEET
TDEFBRHELI. 27 7 42508813 500kgf/ e
»OUWERIREEE 12 1), %Fﬁ%@mtm@ato

FiEOHB O EAR 5 ICRT . 7 74 23D
miXtER L 453 kgf /o FTMEL 7-BDME A RT
B EL 400kef /e, FEEL 450kgf/cf T8
KPZBEITEML TR, Lieli~ikcsy - V8T
DI|EAZZ TSI DI — T NDIREREREIL 450
~b500kgf/ck iFE VD TH B EHEEENS, K5D
£AHDETRINE (0 3) OEZR TH 500kef/cd £+
ITEFICHIMLTEBY, TOBETT 748
DRZIA L COBREF 2 —7BZEE LD
LHEINS, REERBHEAERTS 480kef/
o FTRF 2a—THERLBEOED S ERZE
TW5B, 74—Wbeah—F it B8BETH
500kgf/clt 28X B &ET —TIWAD 7 74 7505
R TOEKDEIMMHEIN S,
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BEH?2 WESAEHBE”Y — 7

cable for high pressure test

200m 3 ~

L.t
T

F31—=7 7 AP TOEERS (500m)

loss in dummy fiber (500m )

FiI =T AL =T LOBERS

connection loss between dummy fiber and the cable
A — 7L Toiak s (200m)

Joss in going part of the cable (200m )

R L coEgiiask

connection loss at turning point

KR — 7 VT OE% S

loss in returning part of the cable (200m )

By — 7k 7 3 v b ol — 5 OGN

connection loss between return cable and the fault locator

7 4w hal—sick B8R
375kgf /et INFEER, Okgf/ch b
Record of the fault-locator
at the pressure Okgf/cd after the giving 375kef/ci

@
@
®
oy
®
®
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i
LA B A ] TrrT LA B

[ | | [ . b i

r¥vy LELE L

i Ll L Ll
| LI rmrel | B

3I—=774ANBTDOEES (500m)
loss in dummy fiber (500m)

§3 =7 g ANEd — T ANOERE
connection loss between dummy fiber and the cable
Aftr —7ARLTOEKS (200m)

loss in going part of the cable (200m)

R L Tosiiak

connection loss at turning point

g — 7N TDREKST

loss in returning part of the cable (200m)

BBy —Tn& 7 xvb ol -2 DERRH

connection loss between return cable and the fault locator

® ©

@ ® & 6

BEE4 7zxbolf—5ilkbi0E
375kgf/cdt 2 [B] BN EARErES
Record of the fault-locator at the second keeping pressure 375kgf/cif

200m +

LI B B LEL LB Trre L L

P A I I | i
LR LR L T

. Lk
LI | 11

® @ ® @6 ®

53 —7 7 A TODIRES (500m)

loss in dummy fiber (500m)

3 —7 7 AE =T VO

connection loss between dummy fiber and the cable
A — 7T AL TOEKS (200m )

loss in going part of the cable (200m)
R LR Toagak

connection loss at turning point

12 — T TORES

loss in returning part of the cable (200m)
SR — T E 7 4 v b o — 8 QBRI S

connection loss between return cable and the fault locator

&
@
®

®@ ©

BEBEL 7J7xnboyr—xitk A5
- 375kgf/cit 2 BIEHEIN, Okgf/cd s

Record of the fault-locator at the pressure Okgf/cff after the second giving 375kgf/c
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&5 it EEEREEEE

Items of high pressure test of the cable

pressure test

- IH H iR /K (kgf/cd )
items - test pressure(Mpa)
1 FOW R R 200 (19, 6)
preparatory test
375 kef/ci it JE 2 -
2 idket/al oyt B 375  (36. 8)

{zXHKRAY 1.0 dB /kn PI_EZEAL T BIKE

3 pressurization where transmission
loss increase to 1.0dB/km

ma X 600 (58.8)

cyclic test

375kgf/cd #E L0 E

3756  (36. 8)

pressure test

600 kgf/cid 1 E L BR

600 (58 8)

2AHDOHER, HMBEWOESLST —YKFC
— 5 —=CI — 11 % 3HNERTBHKIMI L TiT-
fzo FCERiE, HMBEBBOU-CAM-8BL
ZFRWT 10kef/ecd T EITIT o120 M5ITTRT £ D
T — 7 VDR L DEEN TS ORHEDOES
BEEHE W, 600kef/cd KHBFEZEHEDEH
13%98,000 4 7 ax b LA VT0.8 % DRE/NE
18 %, CHNIBERE3Om E T3 EAEILTO.75
m ERCLT02mDFE/NER S, T8 ED
AR —TVOPHTI60= 70X b4V,
—FWIREKED ImDAFTT7209 4 73X L
A ERB, TR IF—T7NVDEZX200mET S
ExnEn32m, 144m OF/NE L5, GHFE D
wNL, KDy —VvICBWT, 77432
=y B 1ImBEY—T7VPRLIOBLEBEINTSE
D, BEROBHRICE T Ehbbbh b,

4. % W
MARERAHSRED « EREET — 7T VDR
fEDRER, RERITHRETE 37 -7 VvORR
WTEIc, B8 — TG 2 BOEDBEDETE
e, WEHREDE EOFR, Ko x 7 s ORHFEE
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