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Summary

One of the necessary conditions for a high speed ship is that a propulsive plant with big power has
smaller size and lighter weight.

When we plan a displacement-type monohull high speed ship, in particular, it is difficult to get the
hull form with the wave-making resistance minimum, because the stern shape is limited by an
arrangement of propulsive machines and shafts.

If we have a small-sized and light-weight propulsive machines, we will expand the limit of hull form
design.

Superconducting technology will have capability of realizing the small-sized and light-weight
propulsion motor.

In this paper, we generally describe superconducting ship propulsion systems, and report the test
results of the 480 kW superconducting motor which we have constructed for the purpose of developing
superconducting electric propulsion system.

Showing the design of a 150,000~200,000 PS propulsive plant for a displacement-type monohull high
speed ship, we discuss the possibility of the plant realizing, and pick up the subject for a future study.
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Fig.1 Principle of Superconducting ship propulsion
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Fig.2 A bird’s eye view of the 480 kW superconduct-

ing motor

Table 1 Particulars of the 480 kW Superconducting
motor

Type DC homopoiar motor
with superconducting field winding

Output power/speed/efficincy | 480 kW / 480 rpm / 82.7 %

Input  voltage/current/power }218 V / 2,660 A / 580 kW

Size 1,040 mm dia. x 2,865 mm length
Weight 4200 kg
Field winding type | superconducting solenoid coil
with persistent current mode
cooling | liquid helium poo) cooling

with helium refrigerator
current | 400 A
effective magnetic flux | 0.866 Wb

Armature type | segmented drum type
number of segments | stator armature : 60
rotor armature : 150

induced voltage {208 V at 480 rpm
cooling | water cooling

Current coltector type | solid brush type
number of brushes |5 x 120
current density | 41.5 A/cm?
brush pressure | air cylinder type

Loss mechanical toss | 72.4 k¥
electrical foss {27.3 k¥
total | 99.7 k¥
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Fig.5 Torque characteristic
(torque vs. line current at 480 rpm)
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Fig. 6 Output characteristic
(output power vs. line current at 480 rpm)
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Table 2 Design and operating parameters of the 480
kW superconducting motor

Parameters Design without load | with load
Output power (kW) 435 19 435
rotational speed (rpm) 480 480 480
torque (N-m) 8, 650 380 8, 650
Input power (kW) 535 125 542
line voltage (V) 208 200 207.5
line current (A) 2,570 632 2,610
Field winding current (A) 380 380 380
magnetic flux (Wb) 0.823 0.823 0.823
induced voitage (V) 197.5 197.5 197.5
Brush current (A) 1,285 316 1,305
current density (A/cm?) 40.2 9.8 40.8
temperature (0) 50 50 ~ 80 60 ~ 110
Loss mechanical loss (kW) 72.4 104 81
electrical loss (k¥) 25.7 2 26
total foss (kW) 98.1 108 107
Efficiency %) 81.3 16.2 80.2
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Table 3 Comparison table of superconducting motor
for ship propulsion

Main-propulsion =motor

Particulars

Ying-~propulsion motor

A.C motor

D. € motor

A.C motor D.C aotor

@Notor Type Fully superconducting
synchronous sotor

@jlotor Output

Cooling method
@Arsature coil

Type

Current

Cooling method
®lotor dimension and weight

Liquid heliue

Super-conducting
A.C 3-phase, 8Hz
Liguid helium

Tidth (ma) 2.500
Height [CD) 2.800
Length (ua) 16, 200
Teight (ton) 350

®Heliur consumption rate
(¢ /hr) 630

Superconducting
hosopolar D.C sotor

Output power an 63.000 x 1 21.000 x 3 21. 000 21.000

Rotational Speed (rpa) 120 120 120 120
@Field coil

Type Race-track Split-solenoid Race-track Split-solenoid

Nuaber of Poles 8-poles flomo-pole 8-poles Horo-pole

¥ax. flux density m 6.33 8.0 6.33 8.0

Liquid helium

Normal-conducting
Direct current

Fully superconducting Superconducting

synchronous motor horopolar D.C motor

Liquid heljun Liquid helium

Norsal-conducting
Direct current

Super-conducting
A.C 3-phase, 8Hz

Tater Liquid heliua Yater

3,400 2. 300 3,400

3.800 2,700 3.800

10. 000 11,000 10. 000
330 100 330

28 210 28

HEHEREERER

(1) BEETRAPFEER

HESTHFAPRERIEREINS L 3R RV AET
B0V, 5T, HEF a1V Ok
PBEEHLL, BEF EBTaV) IEEFOXFL
L7zo

R ERAFREMEA, 23,300 kW, 3600 RPM, 60 Hz
USSR 2T 1

(2) BESEREBEER

ERARESIERETN L E UGN EETERH
BRI Y LT, ¥, RUGAIMAFER & FA—HHkD 23,300
kW, 3,600 RPM (& CTHESERET% L7z,

A — b v ORFRFEARER & OB R BiE
Lz b0y, BET7 S5 BRI 2 REERTOM
SRS 260 m/sec &7, fEEMEE L, EEEH-T,
7z CHEHEREE LB IER 23,300 kW, 600RPM L
THES R 2 EMEL 72,600 RPM T b [EEEH T O AR
3760 m/sec THH 75 VIGBAIRELIRARE L 2 5,
EEEH A E TSR TH b7 ERTREEI A VDBKRE (R
270 AR TEIET LRV,

(3) WEEREBHROFTOHE

R/ ERASROESRCE VI REBEEOHE
JTOH# % Table 4 IR,

4.2 AHBMORE

HESEHRE UCBEERER LB L -HHcER
o BHRARCHS THHRFESLETH S, BEREnD
AHIBED A— AR, KWCINETRED & D 2R
LT, BHRBORR - A REEEHR K EES
REMOTHR - BRARNC L > TER 20 THEH2E

55

CTEEARICE T SHEEE 2REL, TRO3F—2%
BET&R E Lz,

HBEYEIHH BEEARER

(CASE-1> ERHEHESH LY R
(5 &EAFHEN (23,300 kW X5 )
; 105,000 kW) :
(CASE-2> SHENRYEHR TRFBFEER
(3EAFHHN (23,300 kW X5 )
; 105,000 kW)
(CASE-3> EFHBEHH R EAFE AR

(5 EEFHHA (23,300 kW X5 ££)

Table 4 Comparison table of superconducting genera-
tor

Particulars A.C Generator D.C Generator

(Generator Type Superconducting Superconducting

Synchronous generator | Homopolar D.C generator

@Generator Output

Output [€1)] 23,300 23. 300

Rotational speed (rpm) 3. 600 600
@Field coil

Type Race-track Split-solenoid

Number of poles 2-poles Homo-pole

Cooling method Liquid heliua Liquid helium

@Armature coil

Type Normal-conducting Normal-conducting
Current Pirect current Direct current
Cooling method Vater Yater
®Gene. dimension and weight
Vidth (nm) 1,300 2.600
Height (am) 1.500 3.000
Length (am) 4,700 5. 500
Yeight (ton) 24 120
®Heliun consumption rate
(2 /hr) 25 25
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;105,000 kW)
(1) ~Y 7 LAHER L REE
ER3 7T —RAZBI BNV Y LABEERUANY U LAHE

RGN % Table5 FRT, ZOWHBREIRBAHY
HIZR 7 — A TORBOBHEEN 2REL 72,
(2) BEIBERUR
BHBHORERIICBOTREG 2RI X 2 LENED
TEEO~D%EEL 20

OHIFTD R HEN 2HET 5 2 L,
OB U BB O BRERC~ Y 7 A0EIN RS &
ta
CORBHBIBEFHROBRERFIC~Y) v ADEINER2 &
ro
@A I3 K BRI HS 1 B D A8 U T2 BRI b iR~ Y
v LEEHGHIRS T L,
3T —RIBILREY A X LRBEE % Tableb 2R
T
(3) WHBMEOLLE
(CASE-1>DC ®EH# +DC BB
WHIR & U SRR ER s REEH I 5 &,
BEMER SESNE L 25, I HBEEONHEM
LTAY 7 ABINRESHBE R 2037 —A0HEEE T
76 R WANVIL Bt R I
<CASE-2>AC FHEH +AC BEH

Table 5 Liquid helium consumption rate and heat load
for helium recondensing refrigerator

REANY O AHALRESMLE L b, ZO7—A T3
YT FAR—RAH CASE-1 L LR L T55% WA L, 2>
T E LTSI IR L & 5,

(CASE-3>AC % & +DC BBk

ACREBBICAY v ABLRE»LE W % 5,DC EE)
BRI RO BRI S RN BE TR BN, DT —
ATREFTa>5FF A—AH CASE-1 & (L8 L TER
158X U B%HELT 3,

4.3 HES T LDOHE

(1) #HEEREEFEOLE

PlE, #ARGH L 288X RANESE L 8EEE
REBEHBOEIRERORTBR LK T 2 L
Table 7 D@D L% %,

HEETIRINZ, (CASE-2D[ACHREBHK+ACES)
Bl olE e sEFRUHIEE CEBRERED S, BB
ZBLTH, EEEEEE L S BRI NEER s h
TRESIRI72 %3, <CASE-2> DA ¥ TR AREAY v A% L
BRELSLEL ) SEEENKEL, BEFFHI VT IHD
BRIZic B TEHE %5,

<{CASE-1)[DC E#+DC BEhig | X U<KCASE-3>[AC
REH+DC BB TORHBMIMNERE LRE TR
REEICE > T3, ZOEPESRBEEOKR X 2EH
L0, HEEHRIEREL 26 E3 2BV,

(2) REBOLLE

DLk, BEEFGTH L 1 BEE AR ER L EEHER
EBAERORBEREFORFERE2HLE T 2 & Table 8
DB L5,

HELRAEH L BEHERREROBME L HET 2
L BEFEFCE X B 28R T, BEEIBBIIKREL
ht, X, BERER, 7—7N¥ A X0BS» S b RERFE
BRIEE LV, ZhsDEE L VRBRITHEOR

Table 7 Comparison table of studies on propulsion

<CASE> <CASE-1>» <CASE-2> <CASE-3>

Coabination D.C generator | A.C generator | A.C generator

of generator . and and and

and motor D.C motor A.C motor D.C motor
DLiquid heliur consuaption rate (£ /hr)

Superconducting motor N/A 1.050 N/A

Superconducting generator N/A 125 125

Total N/A 1175 125
@Heat load for recondensing refrigerator (¥)

Superconducting motor 100 N/A 100

Superconducting generator 100 N/A N/A

Total 200 N/A 100

@Cooling facilities and capacity to be provided onboard (£ /hr,

»

Belium liquefier N/A

Helium refrigerator 200

1. 400
N/A

150
100

Table 6 Cooling facilities dimensions and weight

<CASE> <CASE-1> <CASE-2> <CASE-3>
Cosbination D.C generator | A.C generator | A.C generator
of generator and and and
and sotor D.C motor 4. C aotor D.C motor
DBelium liquefier facilities
Disensions @ N/A I 55% 15% 8 l 35X15%5
Yeight (ton) N/A 487 221
(DRecondensing refrigerator facilities
Dimensions @ (0.8 x1.5 x16 N/A 0.8 X1.5 x5
Yeight (ton) 10 J N/A l 5
@Heliua recovery facilities
Dimensions (m) 15X 15%5 N/A N/A
Veight (ton) 100 N/A N/A

motors
H H THEBEXEAMAREHN | EEEEREEEHH
BR/NEHL Enz %%
BHEE THI550T0N BEE C491,650TON
RIS &Enz %3
AR FH HH
H*ACRBHMr ol | xDCREHRLOMES
BTEREANY 9L T ENRELE
BiLREPRDACHD (200W2)
(800K2) * ACRBHRY 0lE
¥ THRAARBLE
(50 0K)
et 2 HH TH
KRBT IUFE RKBTIVREA
b EoE Fii EAN DIz
SRR EOMESRY | x KBRS TV
RHRIXER&D BRFOREIDL
L HEMB W
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Table 8 Comparison table of studies on generators DEEDB S5, X, ZhsBEILD T2 D HIE

EREXAONERS | ORSEAYEEAE &z ovT(DC FEM+DC B, (AC REB+ACE
SRR s %3
*gia1grm%nm *Eﬂﬁlﬁ?ﬁmmw

B 510 (AC FHEK+DCEHH) 0352 DL

BEOWT, )Y ADMRE, BN, ¥4 %, mE
FEOVL T RE 1T o 10 ZORR, THm e ¢
o U (K AC B+ BRY DC I ooy +
BNV LH RS 3,
R BB MDA T E 5 2 B4 DCBBR - togs
ACEBIRD 55 TRIHY 30%, BALE 149 70%
Ly, INEY, gE8anz BREIAY N i
RIHSBEE %) SHERSAS <, @l
7 FIRORILE, Bty % 5 72, DC Ry x
BEFLZ L U7z,
FER ﬁ%?ﬂ:&?‘% bt DC FE#13 600 r/m AR
X 2BRY 578, AC %%&KWL?E

RiRag
e

EX ]
FAU D LEBALB
OHE

£Thum HH

*RB®7S5>xE

FH
FRRRER S o oA

EZN
*BEE EoMEa R
BRI ~%*R&D

EE»Z

22 3N
*EPRBEI i~ T
Dig

BREE BN S 5 28 Vo REH L EBROES B¥I 565, BAZEBK 25 n D s ACEEH DK
ELTRRHRS DIk <CASE-3> TACRE#+DC B VIRMBITNE, BRIES N D, AC RERzEEY
B THB, LrLaotepEra VY AR o1t BeLrga e nmam, L7358 13 Btk o4
TRIE T, FHi ﬁ‘%iﬁﬁ@i‘ﬁﬁ@%’%ﬁﬂ%i sh BUBOH2EFRTH 2 PIRHIR S0 3 L 5
2D TRE 21T o 1R, REBBGCHEKT 2 L, B EREHBEBO 52 Y o 1 BECOTHEY
ARFFIR B OBE, % B FMRES L <, ACHBEREBET 22 11z 7z,

HET1/2, HT1/9 Ex ot ﬁ%@;ﬁw:wv@;‘%ﬁn DR % 3 » DI BRMESS FOERES 5
WKRBZANY Y AR 2 2 &, BETL1.31%, 5/ Fig. 9 1&55% %,

T7f5e%p, BEEEDAY & Il -t % Do 45 TS b ooig
-7, BRI EESE, L7z, FECIIfAE, K, ‘%ﬁ@%ﬂ%&éﬂ‘d)a‘:ﬁ%%&ii,
4.4 HETS> b oRAES 50 kts AR & U EsR x n%ﬁeﬁiwiﬁémvw'cﬁ

BEYESHE S DEBRE LT, HEAEHR [ design spiral %5 Us 1802 EREHA, K118 75
AUREBREAZEBOTH AR5 PORERARIZOVLT Ps & L THRHE %17 7-,

TRER R EZgsg

AR E . EEREs v‘fuz?&t{ Ibp-5 3rha-3
23,300ky

32,400ps 3600R/M
| ————

23,300kw
32,400ps 36008/8

23,300ky
32,400p5 36008/M

G T

23,300ky
32,4008 36008/
—@ © 0
23, 300ky i 21, 000Ky
32,400ps 36008/ 120R/M
RES S (St Dk s
P =/
Koy nmg o
BRURE

Fig.9 Functional block diagram of electric propulsion
system.

21,000k 21, pooKy 21,000y
120R/M 120R/M 120R/H4
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(— R BB, — kBRI, ERE & O CPP
HEEE)
QFWEHHAR (REFEHL+EREIHE)
(4 Y RFvrr— i, AC+R-+DC &%)
AHiTRELLY AT AZ, REHESFR (ACG+
DCM) TH 38, ZOAREL TR, ¥4 VRS vEF—
F &SRS AC-R-DC #iIARD 2 Eosh 5, fiHt
DCMZRAWwa 2%, M 7B RS RHEEIEY
whs, AC-R-CHIEIFRIE ACG o RugHIfEw X b DCM
DEEEZHEL, EEREHETSE S0, BEEBI1Y
AZVvAF—RARLOETFTEZ 2L, RERERIE
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Table 9 Particulars of electric propulsion system
IEME it #
(1) EHm
il X AVE—0—-SHBES AN,
REGRE &~y
(ICRHRE—EY)
) % 68
] 32,400 PS
B € # 3,600 rpm
ZEHER R ¥140 g/ps-h
LR E . X AR
Es R ERER
(2) RR™
] A 3HRET SV L AAERRN
2R, BRAFBEE
® = 23, 350 kW
= 3 AC11kV, 34, 60Hz
] % 1.532A
A x 80%
& ® 2
%z % oot
& " 68
(3) REARBE
4] ARNET RN
5 = 33,100 kW
= E DC1, 850 V
" & 17,682 A
B £ # 120 R/M
) % 4%
®wE R YAYRE LA — FEMAR

MLy 22 LE2ERL CHEARIZ, VM1 VRS LA F—
FEEAR L35,
ZORRREYA VAT LD RMEPERICERT 5720
T, ¥4V AZOAMEFEE2TOEREEOKE &%
Ze3 ¥ THREBHROREFHEITRS 3D TH 2, L
T, ¥4V RF VA F+—NHEAFROBRELE TS > b D
FEBRBBOIBIC DOV T Table9 IZ5E T,
Fig. 10 CESHEE Y X7 LAORFEH 2 =T,
4.5.2 HETF OB
(1) A4 VRI VA F—FARK X 3 HESIH
YA URF VA F— NI X 2 BSHEREE 1 £50
HEFHE 7 0 v 27 % Fig. 11 2R,
HIEER OB TROEY,
BRI
HERELRS
7 4= K7 37— PEIEE
B LR
Rt LR
B AR GIHET
ERTFER B
{CAEHIGIES
SR
FREBWREIEE (—EHIE)
(2) E=dE
GRS R BB S E B 1S AR OB R 85 T
BBHEIATHEY, KV AFLRREIA NV, EELL
LT—EEBREZRML T30 T, BERFEROENE 2 RiE
T3 2Lk VHERER TR S AR ET B,
(3) 73vva7Asy—y4i@
77vyaT AR VRFIHERERTOBESR LIZ
b, —ERHMEERTERZFHEAX D, PR

(4) MARUC7aNRT
(a) W¥E 1 (ZER%H) ‘

H h 132,400 kW
(H:66, 200kW,
AM:66, 200kW)
R A#:120rpm
A#:120rpm

HMEAWR I A WIIER, SRR
(b) 7a~xs
¥R BEfryFrons
[ ] AW WEM) 7.4m
M HEES) 87.0m
(5) RERRRE
X X Fa—-E2)l
= ;3 AC11kV, 34
1 b 1
(6) ZHER
L] b BHAKGK, 3HEES
-4 = 3,500 kVA/17,500 kVA
- 17,500 kVA
" 123 AC11kV/1.5kV (A)-1.5KkV (Y)
4 ® b £
= # 48
(?7) Y4y RS RaY -8
BB MK Fa—E2I 1E
(8) @MU 7>+ R
AR CHE Fa—-Eo N 1
(9) ERVZZ2 bR
EARCHR Fa—ton 1@
(10) Ry o xRk s
3 = 33, 100kW
L] i3 DC1, 960V
E % 3 05EE
& ® 48

25, BHERELE, BETCERER2» T2 L, HiE
DODOB NN BRINL, HEAESHMIEREERL L
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Fig.10 Wiring diagram of electric propulsion system
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Fig.11 Block diagram of speed control system of
superconducting propulsion motor
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Fig. 13 Arrangement diagram of engine room
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