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On the Development of Sea Water Pump for
the “SHINKAI 6500”

Shinichi TAKAGAWA®™*® Kenji TAKAHASHI*®
Hisao TEZUKA** Takuo SHIMOSE*?
Yukiaki NAGATA*®

‘A high performance sea water pump was developed which was used to adjust the
weight of the 6, 500m deep research submersible “SHINKAI 6500” by charging or
discharging sea water directly to/from the weight adjusting‘ tank in the low tem
perature and high pressure environment in order for the submersible to obtain a
neutral buoyancy condition, |

This sea water pump is an axial plunger type p;imp with fixed cylinders and a
rotating swash plate, and the ceramics by special thermal spraying surface treat- |

U BRHBERRE TR |
IR T RN R

R T AR AT

R E¥ v VB

*®  Deep Sea Technology Department

*6

Mitsubishi Heavy Industries, Inc.

* 7

Kawasaki Heavy Industries, Inc.
**  Sugino Machine Co. Ltd.

315



ment are used on the surface of cylinders and plungers in order to obtain good seal

gap properties and abrasion-resistant and corrosion resistant properties.
This paper describes these technologies and various test results on this sea water

pumip,

Key word: Sea Water Pump, Axial Plunger, Ceramics, Gap Seal, Weight Adjust-

ment,
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Table 1 Specification of Seawater Pump
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it B Ok A K A 0 ~—0.3kg,/ cd

& & FE R O F [ | 2250 cpm, BREHNH > B TREFHH
i} A #: 200 B

FE NN D #44kg—m

M OB/ F R CESPN T

15 £ Wi i R 7EBOEESR

@ B ® & 157Kk

28 ® # = T

TSV eBXAPO—=7 ¢ 8mmX14.2 mm

= B | EESSkell T XHAMK 2ke
. %g%giz #100kw (BT
Sk iﬁ&%}g #9105 kw (HiRiCT)

JAMSTEC R 23 (1990)



bV FCDHE, BB E Lo TV U VIR
AD, BT S5vIrBENBT EITE TR
BR, COMBHE IR > THHE N 5,

# v FOMHERENFHARR THEDOE I
EFENB, Fbhi-EKIBRZRETHDICBH
Lz, ¥ VIRANAD Ry Z7R2BHIL, £ 12IA

BRI ke oM

Photo 1 Configuration of Seawater Pump

5 MHEERER

BEZ& L fo Ak A v I OMREA TER T 2729
ﬁﬁm¢ﬁwﬁﬁ&ﬁﬁmmﬁ@ﬁﬁ%ﬁﬂko
¥ 7o, BRigK b TR ATRE LIRS, BKpT
DEBHKBRBVETHY, Ry 7OHEEE L T
BB RENBBEBRTH D, ie-> T, FHEKPRT
m K B W THKHFEER S & T 200KERE O
MARER b ZNENIT > CTHEEZRER L 72,

5.1 BEKFHEEE

X575 & CICBEEACHEKPIZ B 2HKE v
TORBEE T,
ARy 7 ERENC IR ZE BT E A L, Blix
BRHES CREERAERE LA S, 4 v =S
THEDRERERICRET 5, i bV HES
TSv=v 7 bvr2BHT 5,
ATTER A » 7Y v I THEKR 7 ERBEE D
5u*ﬁﬁﬁ*¥/7%ﬁﬁbtﬁifm%hﬁ
YIWIKIRTBELDTHEBERER>TWVW5B, %
B TORATA YRR FEB X, BRAF
NEERBICERETER LI LTV S,

JAMSTEC R 23 (1990)

KELTHBEREN S,

5.2 SEXKPHEREE
X6 128 v 7 OEEKH T RERER % 50 L 72
@ﬁﬂ%ﬁﬁtxﬁ DEEEBKEICB T AR
EREE A, X7 EEHE 3 ICEHEK R 200 B A
HERE KM L 7o BRREE TN T RNT .

BEEBRAETE, TLA»VE500] IERIC
RfEd 2K ETHREEMEGE KAy 2=y
b@ﬁ%@niyhéw%mﬁmﬁjuﬁﬁﬁh
STFcHBET- 120 BV TAOANBHR, 5
EK¢TT®E§%M$'%@ﬁbevN—9
DHMEZ TR L, KPEEIEED & HE T &Rt o
BHTAZEEL,

E 7K 20005 AR i B W - R BREE 3,
HHKHERAER T U 7358 o 7/Kig % dEk £ v
DGR ORESBEEARICBEL b D TH 3,

BEERRROE Y I ERZ 31D
i, BEY - VBN EER B, £ THE], HMED
EmERE Y — VAR EBEA L, 2Oy —id
HETORNIES OO, BEENLL, v— ik

1

521



AT ES
g
BEH
D 748 4 UrN—%
= @ b vy gt
| gof =
¥ b @ — o ;Lz:? -y 747 - [EldEE
\ | M | 1<> | =g (15Kw) e
1 St : P N7 — o | \
—cki— Epit ! '-__-_-_a__--_-__-—-_-ﬂ MV BHEE || R
n i
= 1 _ ]
LF Y : !
1 = ] T —
Ry T 1\ T h = B
\ gkt s o L mzstiss

X 5 HEHIKFF R bEEHEX

Fig. 5 Equipments for Submerged Performance test in Normal Pressure

g

3 P 1
g e
u.l.-l\.u.!.umg.lau.\.\.

Aﬁ”ﬂ*mw;ﬁo

o

BEH 2 HHKPF X bEEDHNE
Photo 2 Equipments for Submerged Normal Pressure test

BERCIRNENLEL, T v — VBRI D T
INESKEELIDDTH 5, BBEHAEZs131500ke
St b DEWVAREKRHA S X3BEE TV 5,
By TORATENZASETH O, WEERE T
HEEERENOR Y FITESELTWS, #RKE Y
TREFEEEERBFANTEHL, # v 7R E» S
DOHHHETEEZNZ2AEL, RV 7ItHETI EEF

322

s

ﬁ r‘j]&%%b‘( L’C“%a
5.3 HiRKPIEAERER
X 5 1R U 7o AR E 2 A W T EE R EK

BEHBRET WV, R 20E S BEBRMKE S L,

chift
X

8IS &, HMHFRER K v 7RO BAFR

Z2INT o

H-77 300kg,/cd LI'F TEIRMBEVL DIZ, )

JAMSTEC R 23 (1

T 7

990)



HBEZ vy T vk—2 (D

BEZVER I Em—-2 (RA)

HR FRBuE
9
i I*--':v
' mﬁ_ R7 57 X BRARER URHEFO0
FAEVET S 2V )
Wik 7 7 WRX YT T |
o -17 i vy N
i | TRk
: EER = ~ ma ERE :
s Ny | _IEE L) e 2=yt kilikb
NV | T R s s 7
EC 13 iy j{ RARECE 75 2 |
| T | Rosesmkrmmm - s
| I ’ —  —REE (BA) i LQ'
ACA00V ! 7 (HEHD
50Hz3 ¢ i e e e 2=y b Y RIEE |
worar {lil s — 7 v ;
| \& PR 7 9 » b e R
X 6 B TREAERESE
Fig. 6 System for Submerged Performance test
¥SHI7K
l 1 BNASHAZR | |
W
' ¥y
: EEﬂ@ “ahn$F 74 WVE Y, £ yrNem
e Sl On v &t
L | [BlRET
. — /N
oIV RANINT @EEy -8 e—% (15Kw) -
&V gaEEE | (V2 L
- A 1 \ bV RS Hill fEn
s | I P T : < C
=4 1 P \ |
¥ Aoy = |
J1) —z87 N i = £
Ny L EEmme

JAMSTEC R

X 7 &HEKPBF R P EREREX

Fig. 7 Equipments for Submerged Performance test in High Pressure

23 (1990)

323



EHE 3 EHEKBFZ 24 v FOHNEE
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# 2 HEWEEKPEESRER

Table 2 Submermance Test in Normal Temp. Pressure

HEAGREE25 °C
HHESH Po (kegf/af) 0 200 400 685 750
B A FE P, (kgf/caf) —0. 3 —0. 3 -0, 3 -0, 3 —0. 3
B ¥z n r.p.m.) 2253 2248 2254 2256 2253
Sy=y¥invy T kef-m) 0. 54 1. 62 2. 60 3. 81 4. 08
HHMKE Qo /mmg 8. 0 7. 538 7. 0 6. 25 6. 12
HigHHE Qth (£ /mm 8. 0 .0 8. 0 . 0 . 0
EHHBR 27 (%) 100 94, 1 87. 5 78, 1 76. 5
HAKkEH Ly (kW) 0 2. 46 4. 58 7. 00 7. 50
J\mmgjj Ls (kW) 1. 25 3. 174 6. 02 8. 82 9. 44
Ry THER g %) 0 65, 8 76, 1 79, 4 79. 5

#& 3 HiEEEKPHRERRIER

Table 3 Submerged Performance Test in Normal Temp. High Pressure

Y EE ) P, (kgf/ci) 3 204 401 687 762 816
=l.__...-—.-——-—-'=|

® A E 75 P, (kgfcd) —~0. 3 —-3. 0 —0. 3 -0, 3 —8. 0 —-0. 8
=] L & n (r.p.m.) 2361 2348 2888 2314 2807 2301
sr=»srus(5t W AH) T  (kgf-m) 0. 82 1. 80 2. 88 4. 19 4. 37 4. BT
®k A = Q: (£/mm) 8. 356 T« TB 7. 16 6. 30 6. 156 6. 05
HiEk AME Qth (£ /mm) 8. 43 8. 38 8. 834 8. 26 8. 23 8. 21
= B %5 nr (%) 899. 0 92. 5 86, 7 76. 3 T4 T 78, 7
H 77 K @8 7 L, (kW) 0. 04 2. 59 4, 69 7. 08 7. 56 8. 07
A 71 W B 77 L, <kW) 2. 0 4. 35 6. 90 9. 95 10. 35 10. 80
E R < n (9 2. 3 59. 5 68. 0 71. 2 73, 0 74. 7
WM P REK[EER Y FHHEE2E L LTHF R P 2T X,

DB OLEBPAREKEHT 2D LEEZS Vip o DIRNEVPETEA51:DTH 3,

NB, MEICKBICLTchi-> THELR S DK g6 IR LcEdBREEEZHVWTCERSEK
MHEMINT I HHTES 2 o HARS/NE FERERERZ TV, R3IDE S BEENEB LN,

B ELE, VYUY« S5 vYSHORRTY -~ Q0 lcHHENE, KB RO # v 7RO R
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