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Study on Operation conditions and an Operation System of a Nuclear
Powered Submersible Research Vessel, “Report of Working Group on
Application of a Very Small Nuclear Reactor to an Ocean Research”

Tamaki URA"', Tomoji TAKAMASA*%, Hajime NISHIMURA", Taro AOKI*, Michio UENO*,
Toshio MAEDA®, Masatoh NAKAMURA*, Syunsuke SHIMAZU*', Sango TOKUNAGA*®
Yozo SHIBATA*®, Orihiko TOGAWA", Toshihisa ISHIDA, Jyunya SHIMAZAKI*,
Naoteru ODANO, Teruo TAKAHASHI*'?, Tuyoshi KUSUNOKI and Tsutomu YORITSUNE

Department of Nuclear Energy System
Tokai Research Establishment
Japan Atomic Energy Research Institute
Tokai-mura, Naka-gun, Ibaraki-ken

(Received June 6, 2001)

JAERI has studied on design of a nuclear powered submersible research vessel, which
will navigate under sea mainly in the Arctic Ocean, as a part of the design activity of advanced
marine reactors. This report describes operation conditions and an operating system of the
vessel, which were discussed by the specialists of hull design, sound positioning, ship motions
and oceanography, etc. The design conditions on ship motions for submersible vessels were
surveyed considering regulations in our country, and ship motions were evaluated in the cases of
underwater and surface navigations taking account of observation activities in the Arctic Ocean.
The effect of ship motions on the compact nuclear reactor SCR was assessed. A submarine
transponder system and an on-ice communication buoy system were examined as a positioning
and communication system, supposing the activity under ice. The interval between transponders
or communication buoys was recommended as 130km. Procedures to secure safety of nuclear
powered submersible research vessel were discussed according to accidents on the hull or the
nuclear reactor. These results were reflected to the concept of the nuclear powered submersible
research vessel, and subjects to be settled in the next step were clarified.

Keywords: Submersible Research Vessel, Advanced Marine Reactor, Arctic Ocean, Ocean
Research, Compact Nuclear Reactor, SCR, Operating System
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COFIEHIIHET. K. E. ca ERXELARDOEZFSEFEETH> T, HEELTVRBK
DREREZEZ L > TREDENED ST B EEASNDILITERTINEND S, 2/FL.
F—F—E L TRRERMBNTRAENVWEEZIBGND, ZEXITKOMITHRE 0a ODENBEE -
DERITN 3. 142ITRENTNB EBVTH D, ZOK 3.142F DEIDENIIFE 3.4 RT &
DITKORBBHDOBRNERT

LLEDESEEmIC L > TKIZZ Ty I BABZETOHREME@H N TH D, BEIREZE
3. ZOHEBFNBREENLEBHRETIIRANI L TH S,

Y? R 3.3)

(2)Plastic limit theory 2k D HEEME

BRSNS BEEM E O ERX B L OEHIE Plastic limit theory2dIl K> TRIN TV B, FD
FERIEK 3.16BITRTEBVTH D, COERITINIE, KOES LTOMBERE L OMGIZ
KA THETE S,

P =1934h° R 3.9

T PIKOBEMEGN)ZR L hMIKOES(m)EET ., ERICLE, 72 & 21X 100ton
TH Tlem OKBHETESD 2 LITRD, FROMEERICK 2HEHTH LT B &, XK
DETIREFEORBOHEEMEICHIKETIH. K 52%BEOH VK UMEETE RN &iTk
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728, 3.15295 D ICEX OF —FIIKAD LEIZEDHERNIN S EBEEDT—F EEZS
N5, FEroekidiz g, hrFitmis i #HAElET N5,

PAE, EFERAEmANET NS F N2/ > TOKEBBL TRELELED ETH2HGOWRL 55K
DEZDHERE L TRABCONEL EEZ S5ND,

# 3.3 MKDEFT I EE MR 2D & D)

(A=10—140cm)

a(cm)
50 100 | 150 { 200 | 250 | 300 | 400 | 500
h(cm)
10 0.94 — — — - — - —
20 2.81 4.2 — — — - — -
30 56| 7.8110.0 —_ - - — —
40 9.2112.4115.5|18.6 —_ — - -
60 18.924.1129.3|34.5} 39.8|45.0 - —
80 31.8139.3|46.8|54.2|61.7169.1 —_ —_
100 — | 57.8167.7|77.5187.4|97.2| 117 —
120 — 179.6192.0| 104 117{ 129{ 154 | 179
140 — | 105 120§ 135| 150 | 165 | 195§ 225
160 — | 133 151 | 169| 186 | 204 | 240} 275
*® 3.4 KF—¥ OEE(SE R 22) K D)
Investigator Symbol No.ofdata Testdate Location Testtype Beamsize Icetype
points
Frankenstein (1959) (o) 541 1955-56  Lake Anne Cant Large Field
Portage Lake Simp Small
Garrison Res.
Lake Bemidji
Frankenstein (1961) v 274 1958 Chassell Bay Cant Large Field
Keweenaw Bay  Simp
Lavrov (1969) (m] 3 1960-61  Lake Ladoga Simp Large Field
18 Laboratory Cant Large Lab.
Simp Small
Timco and Frederking (1982) < 43 1981 Laboratory Cant Small Lab.
Simp
Gow et al. (1988) I 677 1983 Laboratory Cant Large Lab,
Simp Small
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250
. BIKRKEEH A (h=10-160cm) y
- /
[ P=3.8!(l+-g4l—i—:25—a) Rx10 ANV
200 (tom) /1 / >
- .3 a=5C0cm /
A ™10 W44 /
1 E =5000%Yerf A
Og= lokg/crﬁ AV
N a=400\c::n - // / 4
150 e
N A // ,/ |/
" AP A7 AV AR
( // /]
Ny a=300cm A
00 S\— AL LA A A
\ AL
“ 4 AV AV
4 XA A
’ a-250em o AAF |7
¥ paY a=200cm
50 AV A
| o
i y °
A \a=100cm
P ] (A AT
{ton) - . ) \
4 , %Lj,yf ¢=30cm
) [} i I

0 20 20 40 & 80 100 120 140 160

(A=10—160cm)

B 8.13 ¥EK DA (ZE R 21D K D)
a : MR
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ALL DATA

- Yo
g,=1.76%e 5.88 %y,

SEA ICE

ROOT BRINE VOLUME (Vv,)

X 3.14 HKAE EWKOENTIRE DBIR(SE K 22) L D)

2 >
- B
10° EAERRRR AL L LT PP PT R POPUOR PPRTRRPRPTIRELIES ... ;ﬁ@,;@” ......................
R ¢,
. L ¢ 2
13 ;0;?' 4
5F 2 :
4| i
3 ’t/
. ”’E’t‘ A :
2 //’ : A O Lichtenberger et al. (1974)
i /x A A Frankenstein (1963, 1966)
: @ Present Study
L D mmeeee Gold (1971)
10-1 :' ............................................ PR PresentStudy
_ ¢  ICEX-93
7k "
;lll||i ek Stododede]. Illlli T BRI WS Illlli PR WP SPRN NP NP B N S N |
58 1o 3 458 10 2 3 4586 403 2 3 458 404
Breakthrough Load (kN)

3.15 KOWIRME & HEE OBk, #R: P=1750h2, %4 P=1934h?

(BE R 23) & D)
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4, BRI R T A

4.1 BHHATEI M ORIAL/ ML/ BE
4.1.1 FL®IZ
AP HATRBAM OB/ E/BIEV AT AX, TOERFEBICLIVRESERS, —
A9z, AL A7 AI1EG P S (Global Positioning System) BTEIZ L A2 B RALL & P
TOFBAN L THEIN, ERPHITERAMROE R COREME BE. BRE)RAE1T I,
—F., MEVAT LAIEEOMEBRBOMEE VT —ROINODORET — % 2HE/E
BT 2HELBEEBEN LR, BT — 2 RA(CLETHITERMLE D OMITE2XIT
THEECEBOHBA/MITBREROHET — 5 2EHB/RET 5, ELEFEIVATLAEE
WBELAKPEEBRBELCKRIIENS, MBFRXBEHEEZN LR LERBESELOBER
UK B/ MEBRELOBELZRB LW EEMEREE B2 N, BEIZET
ATHAM L KX BERMS D2 WITK EBET A (KPHICITTEEXZRFLML D) &
DEBILOBZRT—% BRT—%, fITBET—%., (LB - BEFER. X7 —FXF
W, a~v o FMEFE)ORFTMERBRELENE L2AKPREIRAT LATHERINDS,
BAR. AEARIR T 0¥ HIATE A O R EEREEFRMIT (K0 30 BE. BE kn~%F km) %
FMAEBEERLREORAETR~OHEEBR LEHE. LEECRLEVWIHDOY T A
B bETPHMTEAROBL 2 REBEL L TRARTHE, BEXO0NIERBEFRAR
ZUTITT,
(DBEF VAR F—-HREBEFRXEITAR)
QKLBETAHREFXNCELTBR)
(3 EFEA., BROIFTHFHFR
ThHPSMT . THOKBREEMEFR) £ THRARBKED 28 - - P HiTE R K
DEE|] EbEIXAOIDH, FFXNOELME - ERANYE - BEYE - 224 - FIFREEAX D
FIERREZTM LSRRI TOIEREETH S, VWE, BEBRRTCORKRHZ LTLAR.
BR:LL, HF4DFMER 4. 11TT77,

4.1.2 EREES
WEFN VARV F—FBEBFROERAH &% 4.1 IZRT, £, KEBEITAHZE
FROEAHMERK XK 4.2 1277,

4.1.3 FREMHREHE

RS E LT, 4.3 ICEREFHEDOEHE7 v774V{V.A. Del Grosso DREBEH) & R7,
B CIIShEFMOBESFBRE—EB(—1C~+2C)THHE, FLRBEHIIELIRE
BREBO TEVWEDRROEEBNERFEET T, KECRELEKEFETI/ELTT,
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(1) BENS AR Y —HBEBR

RITHRERK 4.4 (1/4~4/4) KRT, BE S 0MIZhS AR T —2HBEL. XKiff
T 400m ICEAHAMTEAMSNEBL RG0SR ESRETHS., BOKFED 30kn
UEDHE, BEEETOSHGRIIRESARD, 5HE FIZKTEER 20kn U T ToEAN
HELWELRDS, SEFHEMEORERR, XKETOKFMST., BFRTENMO R £
ERESE)ZERLEZEE. BRTOERECEEN kD BEN NS AR F— LD
ETREHBEEEZ 5N D,

(2) KEBEET A RER

BITRERER 4.5 (1/4~4/4) RT. KET £4200n, 400n ¥ HHTERM &K
EBETACMAMENZBERIV/EEMMLELEHEOERIELRTHZ. HERT
DEFEZAMRELEZSHEG. KEAMBEKX 30kn BEOGREHNFE LEHETESZHD
D, BT HEERTAFERAARRS S CREPMTEAROERASES2EE LS
&, RENITEKN 10~20kn BENZTHD LEDN S,

4.1.4 REBBE

BEHTEAROEEMTRICE, FSOARIT—B20WEKERET A EDRET
RREHCIHELLRRTENNICHCNEBERREZT O BB, KK/BK/EE/RT
FELETZEODRIFERERICEATRIEBELTZD., 550V ERBNTEEZERIC
BTl #HERECHHER (BEER 2T7H5FRIRZ, WE., FIUARIFT—H B0
WKEBEET M OBERBEZRFTIHE, —FAELLTHETFOELREATERAKEM
ELUTIRY,

() BEFS AR T —DFAE
MENS AR —REARDFAEO NI VARV —HBEBO—FlZ2 TRIC
~9. HREZ L1, Ny7)-TOHTrIEREREZE L 2&9 5,

br&" T D RIHL T BB &R FH
f,/(fﬁb@%n% HZH910km)

MR VERER AV}

N yT)-COMATERERERE 5 L,
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WE, RRTRTFI VARV E—T LA OIRIEFLE TR FIF OSBENRREE L
EREL, NyT VBB CHMTREBEROF LHICEEFLRTIEIRSRVWERLE
BT 5 &, TOMITEREIZH 90Kn & 725,

1.2=2.5kt X 20 B¢l =#) 90km | EFrELiE

Ny 5 U EREN R O MLATEEE ¢ 2.5kt
(# 4.56km/h)
2Ny 7 U AT R O e FTRERE R 20 e r‘L‘=90km=2, 5/ b X 208 i

o THBIC IS VARV —2REBLEEES. ZOBB LN 130knBEL 225,
—F. AT HMHFAFRE(ERDIING6.3° 220, BROBMEMBET AT A o BE ;
0.025° ~0.05° YDTI4AVMEEZ2FH/ETER L, oV vfoD} )7HEZ(0.005° /h)
EMBELTCHHERRAETH S, ULTF, B#ETT, )

c BRETOFMBEE=0.05" +cos80° =0.29° (i 80° T, Ti{AVMEEERKNES)

+cos85° =0.57° (db#& 85° T, TI{IVMEEEHEOES)

- FU 7 FMEZE =0.005° /hX20h=0.1° (RFFELEH, K 20 BEOERMITOHS)

ckoT, BRETOFMBEFNIZIEZE=M 0.4 ~0.7 &0, FEEICESR

HEREUMOREREEZMELEbORGEHFMNREL LD,

BRMATEIRIIRM ATEERCRET A, BEREBEN S VAR VA 2N LE
ENERREZITVESRE oK%, BEHFERACELEL I VIEIXERRE ICHENME
PEETBHI LICRD,

(2) kLBETA OHEE

KEBETABBREODRBREIBORMITZ., 74 RBEY/BITICIIN LK O BE)
BLAARHETDITFRABATRTSH D,

BAE., KEOILEFFET vy’ =) 4 (IABP ; International Arctic Buoy Program) £ ¥
LB OKABHBNT — 2 BABSH TV B8, F—gitES< DREBIHFRY Y
-3 RFR] DBERNMEEND, BERZEIZL - Tk, 4.1 HTETE IfhFR b F
NEwLen 55,

4.1.5 RETEHRE

Bz on7-iBPMITEAROERMELZEIC, FRHM/BERV—BMEICETIE
Kbk LEA LOBMERF21To7, ThODV AT AKKFRELZE . ZERFEIC
X 3FH I -OBEICBADL AR, KET TOFHEMEEDOITFI, KABH TR O
. EHREFRINAENE LCIBEEEMEORE/T —F N—ALR EL R1ER,
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£ 4.1 HFROF|EBK

4T VI, KR, ZEKER
¥4 WE b7 ’“(f;f BEFX | 5 cmEr A RESR(BR)
DHE CEEATEBBOMITERIC FT VX | - BEMAEIROMITETFESRS
R F—T LRy NU—2 2HEIC| KELC, FBEER Ok EHE L
HEL. BOMITENRARMTEY | OBEHBELBIRITENRE DX
VRREBET 0B PMTEARAND | PEEXEHE LTS BEMEEY
EBAUMNCATATEHEBCHEBERR | BorXkEkBES 12Xy U —2
EEELETEHR, L, BEMTERNNABEETEL S
PHIBIET AR, BEE O BRRD
FERELTHFR,
)LD CEFMITEAM IR EBOLGPS TO | - B2 R4 BHTHKEBESTAED
BT & BIE BEAMNEHERBTCOBRAT — 4. DHBERLEAERELGCPSHE
AF—FAEREOBBELHELT | LVEEL. BERTEAROMLER
%, BRTABRHT—F, AT — % X EH
ZEOBFREELAEELET S,
NWHR OB | WPMITRRMmE bT i BRMITBRRRE 7
Lemae | EFR | oy sy—msseLar | VPR | wssse wukr i 1
o2 v _ ez | BRT—F . 27—
E‘@JE{:: E%l@ﬁ: 5;(,{%&%
4)F = EPMITEIRICE T IEEEEEE | - BHMTEARISZET3ER L,
& LTRE, MERHDVEZBRKXERRETEH
BB TOIN S VARVTF—BRE | WF—%. AT — ¥R BFHEZINET
T, ESAIC BB ERETRE | 6,
e, - EBR%, KBERTOKLBETSA
P UARU A —BERENRE TR | BRSES.,
by-2 4k AS BT EE,
5) R CSERFICLY, AUBESPREL | - KEBETA B 4~ BEIER (L8 ;
TEHEERD B, ¥ kn~¥+ kn/RB) T B, BT
R FUVARVF—ORIRAED TH | TEHARCHTIRNERL TSI
B, ., SRHEEY,
KK BERROMAITTEKERCL | - XEBESAOBBBEELEHEL,
. FF VARV —RENHERY, | BARK Lo TRBABMAKLEET A
REMBREL2ThERLRN,
cTARBICEE ALY, Xy b
— VLR ERMATREENE S 2
B, (BRicERE)
CBRETOETFHBEREERENRES
VE,
6) i A &tk c KEBREIF-0EE
e G A A B AR A el = B A mE
F—E D
CWATRE O S AR
) BT IR, BBV RS A% . *ﬁiﬁﬁ:%\ &(f:?/ZT-L\@Eﬁ%
CKHET T BB R OB PO EBRERSIEOHR
OKHBBTRL I L— Y OB
8) ¥a & ELff k&g, O KBRIEE ; A~ X
ZEKIER ; A ZEKER ; O~A

1. SSBL(Super Short Base Line)HIfI ; 1 HDOEER (T VAR T —)hbDIR
R LT EARE L., ZOFMEAERES RS AR FE
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IEJ:E,\G ﬁﬂﬁ GPS fﬁﬁ
Bk XEB B8
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t ¥ avivy

R R
WWHEERE

97" V)
YT TR -
HATRET -4 o
bR L) 3] -

o

GPS i & a

REEE NS

......
..........
.....

TR AL, 7

: BAVITLBSE RBWBTVL

797°)
EHERRNT -5
MTRET -4

AR
AF-SAtaERinE
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43. tEEOEFEETO T 7 1)

it ; & SCHK 24) V.A.Del Grosso, “ New equation for the speed of sound
in natural waters”, Naval Research Laboratory, Washington,D.C.20375
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4.2 ZEM (EEM)

WEROTEBMT. MPBEEEDEIIVA, BEEBROE OEYBETAS T,
BE. B - IEEORVAAERZIT O EEDIT, UTOERAICEL D XEMORETNE
RE - ENBEROFZDIIRRTH 5,

(1) #EEHTRIC BT 20 & OER 2 BT 5 /-0 OB/,

(2) EFMTERM S EEOBOBEZPH EHITFERRES. BLIMTILY

v R .

(3) EHTEAMORE S NIMAAR—ZAZEDFIHT S 2DD, KT iz E

DERE. MEa. E213, &L K BRIEEREOMHE.

4) EHROHRSERETORMBIEIA ML ANKENZD, RIHRESORRESR

DX,

(G) HEHRPTERM ORI (FEEMIZCPSTHIAIL . REfERR & P IITENM & ORI

SSBLCHINL)

6) WBE»SOEKEH (XIVF - FOo— - E—LAFEREHKRL) . BET—FD

2 BAFHICXZEM TS0 Mo, BKYGE)

RICILBE TOBRAICB W T, BEEORKMICHEMRE L TOHMEZ I FFHICKD
BEHL T, BRKEADPFTROMETTAZENHEL W, Do T, BRI I
ZAOEH Q.18 @2 c) BR) OXDCHFEROMENRTHEEZRZELTEZEOHENDH 515
A, ERPTEAMREOEME2EEMEERE T SEORENVLELR S,
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5. EMRFOREZRER

51 WHRETHHEEHES
(1) RETHRHERDOHLER

BENTRIROELBRRAERZ DT, WRETIEETEFERT S, MEMTRET
LMD HHZEHOBEREL Tid, HE, Wk, BHE. KKERHD, BHREESRZN
BHEREZRBUAREELT, FilESATL,. BARSOTERBOMBENEZ SN 5,
o, MEREI TR, EROLIRRENFEELEZBEOREHEITDOVTRHAZT DI HBHEN
B, FHFFETT 2 MITIE, ERIICBNTEZORENRELZEEICH, BEFFORE
EHRTHIRENERIND,

—%. BEFFRCRETHAEEOH I EELRRFEERIT. REABRKFHEROLLITME
BT 5BEHEM CEDSEYWFERRUVERELBEEELNIEZZONS, FTFHET T2 M,
I 5 OBERIMEMICEZENICEERZ S RVRFTE LTRSS 0, BihEDRER
DHITBAERTERT HHEND 5,

INSHETHABEOHIBRIIDVWTHEBERONRETREHARVEHE 2 RICHKR
9B,

(2) HBLTXREMBEOERES
O

A, BABEERAETE), BECEVWEFRTE., KEEAIAEETFTETRLELT
WfT 95720, flhRO#EIEYEOEEDTEEND D, TIT. XBMEMESET. #L
DIEAMPBHEEEYEZEEL., BE2ECLTEECHENTIRB L EbIT, By —
TRV —F X 2EEDEAREEERLER TSI EICLDEEE LT3, BT
Btfn & OE R, RENLZHETHSHKE20t on, ME 10 /v MEEDOERMELD
BARVEDOMETOEEICBRE L., [FREBTEERTIELET S,

fiLfift & DAKFTOHEEIT DN T, BAMEFICMMBETE D THEEIIENWEZEZSNZ R
D, KETOMERE OBEERISEEN T 5,

FMIBESNEEZENE LT, BERBICR, THF T 286055, ST, 875,
#A., LA, THORAMICEEVRARTYY —F—2HATHBD., IhS50RBEEAVWTE
RETH, BYREMICEDBEYEOBEEZERT S, BEMIENTTZ2HEHITE. EE
THIT T35 2, MAEESTHBRARETH I 2D, BEBIVERICEL THERIIVEN,
KFTORIEMEDOEEIRX, 3./ v NTOMBETOHEEZEETHIEET S,
Q&

BT TREOMINICX DA, WREEM T 2R ELTWEN, RIEIMAEERD
RENBERELTHEET B,

WHPATHORE T, ILBROERNECERIC,. BIHERVHEEBICERENRVWERIC
. FEEIICERD RS, DORELARETRLETEZREOERMEFE TR LTS, BEEH
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WRBFLEMTABNWEEITE, BERNS A NORBEICIVEFHNELTERLERZHS D,

IEBHEOKDT TOFEEFITWRDBERND D . BTERCHEEREICREN I NFEEICIE.
BRI L2 SEKBITE LT 5. ik EEOPEOKBEZ RV TKER 2 ENFARERE SR,
KEREETHIENTES, BEHNS X FORERVCREDOHREDFSITIE. BKBRICE L
TOREND B, DD, MEFCHKEEBS L EKBEEZRAEL TH< &bz, BT
EHYV=F =X OKEZFUL DODOHfTL. WRDMERNDH BFFTIT. FIHEIRR D EPNIC
BKERE I HKMEREL TE LT HI L LTS,
€))7

A, BBECPEVER TR, KEXEZKAEFETELLTTT2H6I0E. X8k
KRDERICHEEMITSED & LT 5., BEOFREEDHSBHENITTSHEIE. EFET
7957720, 3/ y MEETOMTHOEHEEZEET S,

D28 Dk
BRI ORATICHEBEERVCBEEESONEEREL. TOZEERF T 5 HKE
BT 5,
®BK
RPN TRADTEE L B ERUOHARE TRKBFHEE LIZHEIT DN TR ET D,
®k K

KANCEDZ, BHHITHROMERZHERTIMEHIRRED S D E L., MERANEICED
T BMBHIRBED B D & T 50, HERTHFAURBOLTERREODDET B Z &N
Hinl®, KKEWNFBERELTEET S,

OEBFHADRE

EREEBMICL2MAEKBEBEOKK R EICLMADERBENRELZEEEEEL
TREZITD.

@8R DIk

BEAE @HETHIETARES S F2EY). HERK. ZEARSEOHHEOE

KBhIE B EERAFT 5.
OEERES DBk

BA - ZE BEE. HORRE - B, BERR - BMREOESRENNBETE I LE

T2 EERNT 5.
OBIERES DB

BAKRPENML THhARIC, SEERGE. TEBREEZAVWCEENEEAZHE1IME LA
REOKEYA RIEBEHRELHMWTEIEERDD. BERENTH S, o T. BEIiEHE
F1 DL IEFEERET 3,

(3) WRETREFETHFOREER

D EH
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Fig. 6. (upper) Comparison of modeled mean ice
thickness (dotted line) and mean ice thickness mea-
sured during SCICEX *93 along the transect of USS
Pargo (solid line). (lower) Map of cruise track show-
ing locations. Because the model captures the major
change in thickness from about B to H, the correlation
between the model and the observations is fairly
strong, 0.5. However, there are still many locations
where the model and observations differ by over a
meter, leaving a need for model improvement. (Cour-
tesy of D. Rothrock, Y. Yu, and J. Zhang)

X4 SCICEX2000 Workshop @ L Av—
ko b

Figu‘-re 1. S8ubmarine cruise tracks @d comparison
locations, indicated by loestion mumber. Tracks in the
early cruises (1958-1976) are indicated by dotted red

lines, and those in the 1990s by solid blue lines. The.

area from which SCICEX data could be reléased is the
interior of the solid black polygon.

&5 D.A.Rothrock, et al, Geophys. Res.
Lett., 26, 3469 (1999) & ¥
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Figure 8. (3) Mean ice drafts at crossings of early
erulses with cruises in the 1990s. Barly data (1958~
1976} are shiown by open ttisngles and those from
the 16008 by solid squares, both seasonaily adjnated
to September 15. The small dots show the original
data before the seasonal adjustment. The crossings are
grouped into six regions 8 arated by the sclid lines
and named appropriately. q(?n) Changes in mean draft
at cruise crossiogs (dots) from the ewrly data to the
18905, The chiange in the mean draft for oll crossings In
each region ie shown by a large dizmond. The abscissa
gives the nuher of each crossing {rom Figure 1.

6 D.A.Rothrock, et al, Geophys. Res.
Lett., 26, 3469 (1999) & Y

4.5
3 as
25 JFMAMJJ;ASO,NO
month
Yigure 2. Modsled seasopal cycle of ice thickness

and draft used to carrect observations to 15 Septem-
ber. Draft §s computed 8a modeled thickness divided
by 1.12. The observations all lie between jate July and
late October, as shown by the dotted vertical lines.

7 D.A.Rothrock, et al, Geophys. Res.
Lett., 26, 3469 (1999 & ¥
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THE PRESSURE-~TIGHT BULKHEAD IN THE SUBMARINE

by F. ABELS, Liibeck, and E. NIESSEN, Koblenz¥)

1 INTRODUCTION

Safety and rescue are important factors in
the developmeant objectives and design prin-—
ciples for submarines (1). In this connec-
tion, design and operation of a submarine
are strongly influenced by the arrangement
of pressure~tight transverse bulkheads with~
in the pressure hull. On surface vessels,
the transverse bulkheads are of decisive in-
fluence on the overall strength as well as
on buoyancy and stability in dawmaged condi-
tion. However, submarines are not provided
with bulkheads in every case. This is feasi-
ble as, on one hand, the pressure hull may
be designed so that its pressure strength is
obtained only by using normal transverse
frames (2) and, on the other hand, it is not
possible to find an appropriate arrangement
of bulkheads for modern conventional subma-
rines, which offers the same safety level
concerning buoyancy and damaged stability as
that achieved for surface vessels.

Now, which are the conclusive reasons for or
agalnst the arrangement of bulkheads on sub-
marines with a view to safety and rescue and
te the overall design? In the following, it
is tried to contribute to this topic.

Modern submarines are fitted either with a
pressure~tight bulkhead or without anyone as
well. Small coastal submarines usually do
not have a bulkhead. Larger ocean~going sub-
marines -may be arranged with a pressure—
tight transverse division which, however, is
not found in all cases, as the transition is
fluid. The arrangement of a bulkhead results
from the safety and rescue concept in connec-
tion with the mission area intended for the
submarines. Enquiries into pressure-tight
subdivision are already raised very early at
the time of preliminary designs, or decision
is even taken in the technical requirements.
All aspects relating to an eventual arrange-
ment of 2 bulkhead should carefully be ob-
served in the overall design of a submarine.
There are advantages and disadvantages as
well. The decision in favour of or against a
bulkhead should be taken with due regard to
all demands on the submarine.

*) The views expressed herein are the
opinions of the authors and not necessarily
those of the Federal German Office for
Military Technology and Procurement (BWB) or
German MoD (MBVg)

In the following, the pressure-tight bulk-
head on conventionally driven submarines
will be dealt with, based on the safety and
rescue concept of the German Federal Navy
and of those Navies who have submarvines de-
veloped and buflt in the Federal Republic of
Germany and/or are building them in their
own countries. In this connection, more than
a hundred submarines for 16 different coun—
tries are concerned, having a displacement
between 500 tons and 2,000 tons (3, 4).

Safety and rescue considerations are applica—
ble to any underwater vehicles, military

ones and commercial ones as well. For this
reason, they may be dealt with as "unclassi-
£ied” matter if same applicable security re-
gulations are observed, including-the subma~-
rine tanker, which nowadays, is under repeat-—
ed discussion.

2 SAFETY AND_RESCUE

As submarine safety and rescue are directly
influenced by the arrangement of a pressure-
tight bulkhead, these should be looked into
in brief in the first instance. Both the sub-
jects - safety and rescue as well - are al-
lied to each other to a certain exteant and
are just interdependent. Therefore, they are
dealt with in common.

Safety means PREVENTION of accidents lu case
of impending danger, whereas rescue is neces-
sary ON ar accident having occurred. It may
be derived that safety, as the more exten-
sive feature, should have preference over
rescue, i.e. by other words that all meas—
ures increasing safety should be given pre-
ference over life-saving means. A higher de~
gree of safety is for the benefit of the sub-
marine in all operating conditions and in
all sea areas. However, there is no chance
of a rescue in case of submarine accidents
(in the course of which the submarine sinks
to the sea bed) in sea regions having water
depths larger than the collapse depth of the
submarine. Nevertheless, stress should be
laid upon further development of rescue
appliances, in which particularly those
Navies operating in shallow waters to a
considerable extent, should be interested. A
fair compromise is to be concluded between
the expenditure for safety and rescue and
that for the combat capablility of the
submarines.
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2.1 Safety

Although the submarine offers three opera~
ting conditions (i.e. cruises in submerged
condition, on the surface, and at snorkel
depth), it should not be concluded that she
is more endangered than a surface vessel. A
submarine being well constructed is protec-
ted by the depth of ocean where she is cruis-—
ing for most of the time; there Is no influ-
ence of seaway, and the danger of collision
is small.

The careful progresses made in the safety sy-
stems since practically 100 years, have fi-
nally vesulted in the modern submarines that
should be considered to be very safe. There
is a great variety of means applied during
design, construction, and operation, which
contribute to the safety, the most important
ones are indicated in brief, as follows:

- high pressure hull strength on operafion
diving depth with a safety factor of
abt. 2 against collapse, which is of addi~-
tional advantage in case of collisions on
the surface and of grounding,

~ high shock resistance of the pressure hull
and of all systems being installed,

~ double shutoffs for all pressure hull open—
ings,

~ arrangement of compensating and trim tanks
facilitating static balancing measures,

~ arrangement of main ballast tanks which -
in case of danger — may be fully blown by
means of gas generators or H.P. air within
a short time,

- good dynamic behaviour and manoeuvrabili-
ty,

- midship arrangement of bridge fin and hard-

over position of the steering rudder re—

sult in the "squatting” behaviour in the

turning circle which may serve as an emer-—

gency manceuvre neutralizing sternplane

Jam,

redundant systems and controls,

- extensive fire protection,

- considerable tests and trials during the

, construction period and during regular sur—
veys in the commission period (pressure
dock etc.).

2.2 Rescue

I1f none of the safety measures has been suc-
cessful in causing the damaged submarine to
surface, she will fall down onto the sea bot-
tom, and rescue measures must be initiated.
However, this is possible only if the depth
of rescue is not greater than the collapse
depth of pressure hull. Conditioned by the
rescue depth, different rescue systems may

be possible, which are shown in Fig. l..

In case of a submarine, not only the kind of
aceident oceurring, but also the depth of
cruise at that time are important. This par—
ticularly concerns the aceidents including a
flooding casualty, such as collision, un-
tight or torn-off outer pressure hull shut~-

BATER-6 (3

offs, as well as cracks in pressure hull due
to shock loads.

¢ :
|
5 i aem
q - -~
FREE £5CAPE ¢ i' =
S R
FREE ASCENT s
® <
H 3
:
DSRV:' RESCUE |
N SPHERE
.' :
H '
; ;
141§ coarse >>§;;;§:;;5 43;;;:?;;$
DEPTH

Fig. 1. Rescue systems

In connection with the pressure-tight bulk~
head under consideration, the quantity of
water entering and-the ambilent pressure are
decisive for a valuation of danger to subma-
rine.and crew. The deslgn figure of resist-
ance to pressure to be chosen for the bulk~
head should therefore be seen In close con-
nection with the mission area of the subma-
rine and the rescue concept for the crew.
The systematics shown in Pig. 2 are intended
to comment on these questions.

Condition (& comprises the possibilities
during which any particular risk to the sub~
marine will not arise after a dawage. Surfac~-
ing will, at least, be possible to an extent
that the bridge fin hatch will extend above
the syrface. During an inrush of water into
the pressufe hull, it will be decisive wheth-
er the pump capacity will be sufficlent to
reduce the quantity of water entering. If

the pump capacity is not sufficient, the

main ballast tank volume ~ according to con-
dltion @ - way be large enough and/or the
spaces bounded by bulkheads may be small
enough so that the volume of flooded space

is smaller than the entire main ballast tank
volume and, consequently, the floating condi-
tion of "1ift being larger than weight” re-
mains fulfilled. Because of the reserve of
main ballast tank volume, floating means

true floating on the surface, so that a pres-
sure~resistance of 30 m W.G. seems to be suf-
ficient unless depth and leak avre so large
that the surfacing time to a level of 30 m

is longer than the time of flooding of the
compartment by up to abt. 3/4 of itz volume
{5). The former submarines offered such a
possibility. Such a large ballast tank capa-
city and such a narrow subdivision by bulk-
heads is not provided on the wodern subma-
rines.

Condition (2} shows the system of “free es-
cape”. The crew rises to the surface without
any lifé-saving means other than a life-jack-
et after the escape compartment was flooded
until pressure equalization was reached, so
that the hatch could be opened. The decisive
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condition in this connection is that the
flooding time for pressure hull or compart-
ment and the periods for pressure equaliza-
tion, openring of hatches, escape, and rise
to the surface are shorter that the no-decom-
pression time. No-decompression time means
the period of time which (commencing with
pressure rise and subsequent exposure to in-
creased pressure and ending with drop of
pressure to atmospheric level) may be en-
dured by a man without any injury to the
body. The admlissible length of this period
depends on the pressure head (e.g. about

30 minutes at 3 bars, about 5 minuktes at

7 bars).

Subdivisions by bulkheads would provide
small, quick-flooding compartments so that
the abovementioned contition could be better
fulfilled. These subdivisions for "free es~
cape” were arranged in the former submarines.
Influence on the no~decompression time may
be effected by the breathing air mixture
within small limits. But it should be stat~
ed, in general, that abt. 80 m are the limft
so that the bulkheads need not withstand any
larger pressure head for thils system of res—
cue.

Condition @ shows the system of “"free as-—
cent” requiring a rescue suit {e.g. SEIE MK
7) and an escape tower. This British system
counting among the means of single rescue
was successfully tested down to depths of
200 m (6). Consequently, the bulkhead should
withstand such a pressure head.

The arrangement of a pressure~tight escape
tower is also possible in submarines which
are not provided with pressure-tight subdivi-
sion. In several submarines built in the
Federal Republic of Germany for foreign
navies, the pressure-tight access trunk in
the bridge fin was arranged for free ascent.
However, the pressure hull must remain in~
tact for the escape by using this method.

Larger vescue depths are possible with col-
lective rescue means only. Salvage of the
crew by a DSRV (7) according to condition @
may be effected out of depths equal to the
collapse pressures of modern submarines. The
escape compartment must withstand such a wa-
ter pressure.

If rescue by means of the rescue sphere (1,
3, 8, 9) is eavigaged according to condition
(® , The maximum depth for its use is the
collapse depth of the submarine and is adap~
ted to the higher pressure in case of the
collapse depth being increased. The rescue
sphere is similar to a non~propelled life-
boat for the entlre crew, carried on the sub-
marine. To a certain extent, it may be com—
pared with a catapult seat in an airplane -
with the reservation, however, that release
from the sinking submarine is not possible.

The escape compartment shall be provided
with a life support system which is appropri-

BT ER-6 (5/9)

ate to the assumed period until rescue. In
the case of the DSRV, a period of stay in
the submarine of 4 to 6 days between the mo-
ments of accident and salvage is taken as 2
basis. In the other cases, the period until
esacpe out of the submarine is by far short—
er. In case of the rescue sphere, the crew
may decide on the moment of escape out of
the submarine. A smwall number of crew is an
advantage for the escape compartment and
life support system. There may be estab—
ligshed relationships for the guantity of wa~-
ter entering. Fig. 3 shows the diameters of
leakage which may just be endured if surfac~
ing may be effected by instantaneous blowing
of main ballast tanks and escape out of the
submarine because of loss of buoyancy within
a short period becomes necessary. The pic—
ture confirms a fact already known, namely
that leakages equal to the cross-sections of
cooling water line and of exhaust gas line
are critical and scarcely endurable, respec-
tively.
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Fig. 3. Leak diameter endurable by quick
blowing of MBTs

A leakage caused by a collision will always
be larger and, thus, will require rescue out
of the sunken submarine. However, the rescue
concept should take the mission area into
consideration. Only abt. 10 X of the sea bot-
tom are found in depths of water less than
500 m. An 87 Z of the ocean area are situ-
ated above water depths deeper than 1,000 m.
However, when considering the risk, it

should be borne in mind that shelf areas
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with shallow water depths are usually found
in the frequented areas, {.e. near the naval
bases, where the submarine possibly operates
for an essential part of its mission period.

3 ARRANCEMENT OF BULXHEADS

History of submarine development shows that
the first submarines in the past century

were not provided with bulkheads. During the
firsc twenty years of the current century,
after the submarines were introduced into va-
rious navies as a weapon of war, a comparati-
vely great number of accidents ocecurred. Aft-
erwards, safety and rescue means were im-—
proved. At that time, the submarines were of
double-hull construction; they disposed of a
large main ballast tank capacity of abt. 25 X
of the surface displacement and of a small
diving depth of 50 m. The chances of rescue
could be improved by a subdivision of the
pressure hull.

Techel (10) reported that the submarines of
World War I were subdivided by bulkheads 1n
such a way as guaranteelng buoyancy even if
a compartment and the adjacent main ballast
tanks had become leaky perhaps by a colli-
sion (Fig. 4). Bulkheads for such a surface
accident could he of comparatively light con-~
struction as they had to withstand the water
pressure ruling near the surface only. A
pressure resistance figure of 30 m W.G. was
sufficient.

o i — =Y (©)

U 3137 (091
/DISPL »~ 680 T

TYPE ?¢ {1935)
OIS, ~T60 T

ST o0

TYPE 21 11944)
ZDISPL %1600 T

@35

TYPE 23 11944}
ZDISPL = 230 T

Fig. 4. Bulkhead arrangements until 1950

WATER-6 (6/9)

Conditions during a flooding casualty in sub-
merged operation weve by far more unfavour-
able. 1f countermeasures failed to be suc—
cessful, then the submarine fell down to the
bottom of the sea. For such a case of sub-
merged accident, pressure-tight bulkheads
were arvanged in order to provide escape com—
partments which could be used for the initia-
tion of rescue measures. There were four
bulkheads on the larger vessels, so that con-
troel room, bow torpedo space, and stern also
served as escape compartments. These bulk-
heads could withstand a8 pressure of S0 m

W.G.

At the time of World War II, a similar con-
cept was applied to the pressuve bulkheads
which, however, were not designed for the
maximum diving pressure. The German Type 21,
for instance, was fitted with five bulkheads
designed for 50 m W.G. with a safety factor
of 1.5 and one additional bulkhead withstand-
ing a water pressure of 2 m W.G. above top
edge. But the pressure hull was desipgned for
135 m W.G. with a safety factor of 2.5. Four
of the compartments formed by the bulkheads
were provided with hatches to outside, which
were fitted with air tvaps facilitating pos-—
sible escape from the flooded vessel. Simi-
lar conditions were povided in the Type 7c¢
vessels. It becomes obvious that the pres-
sure—tight bulkhead should be considered to
be part of the rescue concept and that the
maximum depth of rescue determines the de-
sign pressure of the bulkhead.

Post~war submarine developments in the
Yederal Republic of Germany were conditioned
by the tonnage limitations which resulted in
small, but efficient submarines for which

the arrangement of a bulkhead was excluded
for several reasons. Built~in safety was con-
siderably Increased. Better pressure hull
steels of higher static and dynamic strength
and quick emergency blowing of intact main
ballast tanks are protecting submarine and
crew during submerged operations. Practical-
ly all mission areas of the German subma—
rines allow free escape after a submevrged ac—
cident, which is possible even if the pres—~
sure hull is not subdivided.

During developmwent of the larger Class 209
submarines for foreign Navies in cooperation
with the building yard HDW, tonnage limita~-
tions had also to be observed. The diving
depth could considerably be increased. Some
of these submarines provide escape by free
ascent out of the access trunk in the bridge
fin. As the tonnage figures within Class 209
were {ncreasing, a pressure-tight transverse
subdivision was discussed with several
Navies, and a pressure-tight bulkhead with a
rescue sphere was, for the first time, envis-
aged for the Type 1400 within Class 209.
Now, thls rescue system ~ i.e. pressure-
tight bulkhead and rescue sphere - has been
provided for the Type 1500 submarines ocder-
ed by the Indian Navy (Fig. 5). Down to the
collapse depth of the pressure hull, the en-

—122—



JAERI-Tech 2001-049

P 6071, 7 DISPL ~ W0C T

TR 1700, ZDISPL » 2000 T

e

TYPE 1500, ~OISPL = 1600 T

Fig. 5. Modern bulkhead arrangements

tire crew is enabled to save themselves from
one of the two escape compartments Into the
rescue sphere and to surface at any moment
according to their own decision. As such a
pressure—tight transverse bulkhead must re-—
main resistent and tight down to the col~-
lapse depth of the pressure hull, exacting
requirements are set on its design, construc-—
tion, and acceptance. For this reason, it is
dealt with in more detail, as follows.

4 DESICN

4.1 Design Requirements

Rescue of the crew from depths down to the
collapse depth of pressure hull requires at
least one pressure-tight bulkhead which with-
stands the pressure of collapse depth and,
thus, provides an intact compartument from
which rescue may be initiated if a submerged
accident including a flooding casualty oc-
curs.

In the following, the arrangement of such a
pressure~tight bulkhead is dealt with only.
In the overall design of a submarine, the
bulkhead should split up crew quarters in
such a way that about one half of the crew
can be found in each of the two compartments
ander normal conditions of operation. In or-
der to facilitate rescue by means of the res-
cue sphere, the bulkhead should be situated
so that the rescue sphere with its buoyant
body form part of the upper deck and get
clear of bridge fin at the time of rise to

RATER-6 (79

the surface.

The number of openings should be as small as
possible, and the kind of opening and of its
closing device {s of different influence. It
should be possible to close the bulkhead
door and all openings very quickly, so that
any excess pressure worth mentioning cannot
be set up. For the case of damage, it is as-
sumed that the pressure vise in the damaged
part of pressure hull leaves time enough for
closing all valves and fittings by hand.

Fig. 6 shows the pressure rise in case of in-
rush of water into a cylinder as a function

hari
P U0, ST
ul 0 00 - xx 30 200 1 WG
k{35
e —

ED0

v LEM VIAYER
BOAT VORE

R oV

Fig. 6. Pressure rise depending upon
£filling level

of the degree of filling. It 1s obvious that
the pressure rise f{s very small 1f alveady
0.1 ship volumen = main ballast tank volume
1s filled with water. Any more considerable
pressure rise is only possible if more than
half the pressure hull is flooded. Approxi-
mately at this moment, the pressure bulkhead
door should be closed so that access to the
escape compartment then 1s rendered i{mpossi~-
ble. A guiding figure for the time avallable
at given depth of water and sectional area
of leak can be found in Fig. 7.

The configuration of the bulkhead and {ts
openings should, as a matter of course, ful-
fill the demand for a possibility of ingpec—
tion during the building phase and during

the life of the submarine as well. If the in-
spection results in objections, then repair
should be possible. This means, in particu-
lar, that accessibility should be ensured.
This has a reactive effect on the possibili-
ty (which would, fn fact, be a tempting fea-
ture for the design) of using the bulkhead,
at the same fime, as a tank wall for the
high~pressure compensating tanks. Partfcular-—
ly, the possibility of “plasticity design”

is not allowed to be utilized for this bulk~
head region. On the contrary, the stresses
should be limited in view of fatique.

4.2 Influence on the Overall Design

Although a pressure~tight bulkhead increases
safety and improves chances of rescue, there
are disadvantages when related to the over-
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case of the bulkhead with rescue sphere.

Taken all in all, a bulkhead will be expen-
sive, Arentzen and Mandel (11) therefore
have written the sentence: "Bulkheads arve
costly™. This refers te the size of vessel
with its influence on the performance data
and to the cost of manufacture as well. The
design shows that a pressuretight bulkhead
involves a practically balanced weight—to~
displacement ratio. The additional weight
and the additionally necessary displacement
are of equal magnitude. There way be a plus
or a minus in weight of up to abt. £50 % of
the additionally used volume of “7°D? L ace
cording to the kind of construction selected
for the bulkhead and to the pressure head re~
quired. In case of a bulkhead being pres—
sure—resistant down to the collapse depth,
an enlargement of vessel by 4 % should be
reckoned with for the submarines under con-
sideration here, and the increase in price
will be round sbout the same.

The above additional cost may be compared
with the cost arising from a submarine acci-

S
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fromunnn s SULINIE S 200
-~ 1)

~__ | g

!
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ACCESS TRUNK AND ASCENT TRUNK OF FORMARD SEC. )2 BREATE A1 SLPPLY

1
2 ASCENT TRUNK AND ESCAPEL PASSAGE OF AFT SEC.
3 LSCAPE PASSAGE OF FORWARD SECTION
4 ATR TRAP

S CONTAINER WITH EMERGENCY SIGRAL stoY

B AND LIFE RAFT

€ CONTAINER WITH LIFE RAFY

7 PASSAGE IN PRESSURE PROCF BULKHEAD

8 PRESSURE PROCF BULKHEAD

9 TORPEDO LOADING HATCH

[0 WATER AND PROVISION
11 BUILT-IN BREATHING AIR-SYSTEM

13 SURVIAL EQUIPMENT:BILGE PUMP,BOAT FAN,LIGHTING,ETC,

14 EMERGENCY SWITCHBOARD WITH BATTERY DISCOHNECYING SWITCH
15 DISYRIBUTION B0ARDS AND SWITCHBOARDS

16 PARTIAL BATTERIES

17 LINE SODA CANNISTER

1B OXYREN SUPPLY

13 LIFE JACKETS ARD RESCUE SUITS

20 GAUGE BOARD,D.:-AND CO,-MEASURING DEVICES

21 ACOUSTIC PINGER

22 RESCUE VESSEL

Fig. 8. Life support faciliries for bulkhead with DSRV system

all design. The vessel's length 1s increased
by 1.5 to 2.0 w resulting from the considera-
ble space required and the important weights
needed in this connection. Moreover, passage-
ways are obstructed by the door in the pres-
sure-tight bulkhead. In addition to the de-
sign expenditure for the bulkhead with its
stiffeners as well as for the openings with
closing devices, a considerably greater ex-
penditure would arise for the life support
means which must be provided for both the
compartments. Fig. 8 and 9 glve a summary of
the expenditure, but it should be noted that
this expenditure is considerably smaller in

dent including loss of crew {notwithstanding
any humanitarian aspects): Cost of training
was invested in each member of crew; further—
more, the family may expect to draw support
from state funds. In total, cost wmay be
roughly estimated to be 0.5 million U.S. Dol-
lars for each person of crew. If the minimum
number of crew is assumwed to be 20 persous,
at least 10 million U.S. Dollars of cost
should be supposed. It {s reported in the
litevature (12), that 7 accidents (out of 18
accidents having occurred durlng 25 years)
happened in depths in which a pressure bulk-
head would at least have provided an escape
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compartment. These accidents entailed loss
of abt. 3/4 of the total complements of
crew.

¥ ACCESS TRUNK AND ESCAPEPASSAGE & UFE RAFT TONTAINER

2 ESCAPE PASSAGE
3 AIR 1847

t RESCUE SPHERE
S BUOYANCY BODY 12 BURY W BREATING AR SYSTEM (PIBS)
6 PRESSURE PRODF  BULKHEAD 33 BATTERY DISCONKECYING SWITCH

7 PASSAGE 1N PRESSURE PROOF BULKHEAD

9 BREATH - AR -SUPPLY
10 LFE JACKETS
1) OAUGE BDARD

Fig. 9. Life support facilities for
bulkhead with rescue sphere
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Reliability Analysis of Deep Submergence
Research Vehicle “SHINKAI 2 000”

A deep submergence research vehicle “SHINKAI 2000” which has depth capability of 2000m is under construction as
the firat Japan-built manned deep-sea submersible and it is expected on its successful development.

It depends entirely upon the safety operation of the submersible whether this program succeed or not. Therefore, all

equipments and all systems which are composed in the submersible must have a sufficient reliability.

In this paper, the results of evaluation of the reliability of the submersible, using FMEA and FTA methods are intro-

duced, centering on its characteristic points.
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Reliability Analysis of Deep Research
Submersible “SHINKAI 6500”

Kenji TAKAHASHI*® Daisuke KIUCHI*
Nobuhiko WATANABE**

The establishment of the safety of the deep research submersible “SHINKA16500”
is the most important issue since the beginning of design of the vehicle. To attain
this objective reduces to improvement of reliability of parts and components of her
subsystems. In general reliability analysis, the lack of statistical data of failure
modes and possible countermeasures of this kind of submersibles forces us to ada-
pt wellestablished analysis procedures such as FTA(Fault Tree Analysis). The ap-
plication of these procedures to her reliability analysis proved the validity and eff-
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*3Deep sea Technology Department
*4Mitsubishi Heavy Industries, Inc. 43
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ectiveness of their Countermeasures allthrough the design, construction and oper-

ation stages.

In addition to these analyses, the boundary analysis procedure was introduced
to the selected subsystems which strictly concern with the safety of her total functi-
on and performance, The degree of difficulty to attain their reliability wasevalua-
ted and classified on the basis of their original reliability characteristics. Accoun-
ting for their reliability careers, such as prototype tests conducted in advance to
designing, safty margin of the boundary components, this analytical procedure
can focus sufficient reliability which has already been designed and cataloged in
operation manuals. And also the system redundancies and failsafe concept are

proved to be adequate.

Key word: Reliability analysis, FTA, FMEA,
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