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PRESENT STATUS OF THE JAFSA’S MHD PROPULSION SHIP PROJECT
by

Seizo Motora, Setsuo Takezawa, and Hiroshi Tamama
Japan Foundation for Shipbuilding Advancement

1. INTRODUCTION

As it was presented at the 15th Marine Facilities Panel of UINR, Japan Foundation for Ship-
building Advancement has been promoting a project to construct a MHD propelled experimental
ship which is expected to be completed at the end of 1989 fiscal year with Mr. Yohei Sasakawa as
the leader of that project.

The project is progressing almost as scheduled, and MHD thrusters and relating machineries
have almost been constructed and are now at adjusting stage.

The ship itself will be constructed from November this year at Kobe Shipyard of Mitsubishi
Heavy Industries Co. Ltd., and equipment of MHD thrusters and machineries will be finished by
the end of March 1990.

2. MHD THRUSTER USING SUPERCONDUCTING MAGNETIC COILS

A set of MHD thruster consists of six dipole unit coils of which inner diameter is 0.360m,
length is 3.90m and magnetic flux density at center is 3.5T. These six unit coils are arranged so as
to form a ring so that leakage of the magnetic flux outside the thruster set is very small, and due
to superposition effect, magnetic flux density at the center of each coils become to be 4.0T.

Two sets of MHD thrusters are constructed, one by Mitsubishi Heavy Industries Ltd. and the
other by Toshiba Corporation with a little different practice, and will be installed on port side
and starboard side of the ship respectively.

The Total Lorentz force generated by two sets of the thrusters is 16,000N, and the thrust to be
generated is expected to be 8,000N.

1) Unit Dipole Coils

Unit dipole coils consists of stainless steel (SUS 316L) inner (LHe vessel), a pair of two layers
dipole coils so as to generate uniform magnetic flux perpendicular to the axis of the inner vessel,
and coil collars. The water duct made of FRP is placed inside the inner vessel, so as to generate
electric current perpendicular to the magnetic flux. Dimensions as well as the arrangement of each
coils are as shown in Table 1 and Fig. 1.

Presented at the 16th Joint Meeting of the United States—Japan Cooperative Program in
Natural Resources (UJNR), Panel on Marine Facilities, Seattle, September 17-18, 1989.
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TABLE 1 Particulars of the Unit Coil

Inner diameter of the coils 0.360m
Inner diameter of the duct 0.240m
Length of the coil (total) 3.70m
Length of the coil (parallel part) 3.00m
Number of turns 110 x 2 layers X 2 poles
Operational current 4,600A
Magnetic flux density at center (for single unit) 3.5T
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Fig. 1 Unit Superconducting Coil



To wind up dipole coils of complicated configuration at an uniform tension, a special apparatus
was developed.

Each coil was energized and trained by progressively increasing electric current experiencing
some quenchings, and finally it was ascertained that a stable designed magnetic flux density was
obtained by the designed operational current. Measured magnetic flux density at the center and
both ends of the parallel part of the unit coils showed practically the same value. Therefore it was
ascertained that an uniform magnetic field was generated all over the parallel part of coils. An
example of result of the test is shown in Fig. 2. (a).

Distribution of magnetic flux density was also analysed. Result of calculated equipotential line
shown in Fig. 2 (b) showed that uniform distribution of magnetic flux all over the section of the
inner vessel by the unit dipole coils was attained.

Strain of the coil collars was measured at typical points and compared with calculated value by
FEM. It was found that measured strain agreed well with calculated value but the former was
about 12% less than the latter.

Magnetic flux density(T)
¥

0 800 1600 2400 3200 4000 4800 5600 6400
Electric current

Fig. 2 (a) Measured Magnetic Flux Density




2) MHD thruster set

A MHD thruster set consists of 6 unit dipole coils which are arranged to form a ring around
a core tube, All coils are contained in a cryostat and kept at 4.2K by liquid Helium. At the center
of each six coils, FRP tube is provided to form a duct through which sea water is driven.

A set of electrodes are provided inside the duct to generate electric current in sea water per-
pendicular to the magnetic flux. Six ducts protruding the cryostat are connected to inlet and
outlet through disintegrating and integrating branch.

Helium refrigerator and Helium reservoir are attached to each thruster set.
Helium refrigerator and Helium reservoir are attached to each thruster set.

Particulars and arrangement of the MHD thruster set is as shown in Table 2 and Fig. 3.

TABLE 2 Particulars of MHD Thruster

Compound Magnetic flux density at center 4T
Electrode current (normal) 2,000A
Lorentz force 8,000 N/set
Thrust 4,000 N/set
Weight 18 t/set

3) Persistent current switch

In practical operation, coils are cooled down and energized at the base on land, using Helium
refrigerator and electric source provided in the base, then switched to a persistent current by
persistent current switches provided in the ship. Thermal type switches are adopted.

3. ELECTRODE CURRENT SOURCE

Electrode current source is pratically the power source for propelling. Since large direct current
at comparatively low voltage is required alternative current generated by a generator driven by a
high speed Diesel engine is rectified by diodes and supplied.

To avoid vibration of electrodes and to avoid probable quenching induced by ripple current,
electrode current is flattened by an inductance to decrease ripple ratio down to 3%. Particulars of
the electrode current source is shwon in Table 3.

TABLE 3 Particulars of Electrode Current Source

Generator 370V, 90Hz, 1,800rpm x 2
Engine 2,030kW MTU high speed Diesel x 2
Electrode current (for a pair of electrodes) 2,000A
Voltage between electrodes (for a pair of electrodes) 150V
Ripple ratio less than 3%
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Three pairs of electrodes out of twelve pairs of electrodes are connected in series, and four
such groups are connected in parallel.

4. ELECTRODES

For material of the electrodes, Titanium coated by an oxide will be used tentatively. However,
other material which generate much less chlorine is now under development.

5. HELIUM REFRIGERATOR
To minimize consumption of helium on board the ship, a compact expansion turbine helium
refrigerator, capacity of which is just about to cover the heat leaksinto the cryostat, was developed

by Kobe Steel Ltd. Particulars of it is as shown in Table 4.

TABLE 4 Particulars of the He Refrigerator

Diameter of rotor 6.00mm
RPM of rotor 636,000
Power absorbed 10W (at 4.4K)
Weight 100kg

These machineries and apparatus are almost completed and are now at adjusting stage, and will
be equipped on the experimental ship at the beginning of the next year.

Total weight of the propelling machineries including thrusters, generators, diesel engines,
refrigerators, switchboard etc. is about 130t.

6. SHIP HULL
The size of the ship somewhat hasincreased from the initial design as the propelling machineries
actually constructed, and weight and necessary space became clear. The final particulars of the

ship is as shown in Table 5.

TABLE 5 Particulars of the Experimental Ship

Length overall 30m
Length between perpendiculars 26.4m
Breadth (molded) 10.39m
Depth (max) 3.69
Draft (max) 2.69m
Displacement (including water in the ducts) 185t
Speed (at Lorentz force 16,000N) about 8kts
Material of the hull Aluminium
Number of persons 10 including 3 crews




Outside view and general arrangement are shwon in Fig. 4 and Fig.5.
The ship is expected to be completed by the end of March 1990, and after some adjustment
and trials of machineries on land, sea trial will be started from June, 1990.

Fig. 4 Side View of the Experimental Ship
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Free Running Tests of Manoeuvrability of a ULCC Model

Masamitsu Yanagisawa, Fumio Tsuchida

1. XANE

URFSERr T IRIER ST DI, B i E R R
AoAd o AR REER R O FHIIZEE, BT B
LY, ZhURSREEZBEAENRTE I,
D KAE s v A — ESSO OSAKAY ® 4 m
BRI OB R 1T, £ OB R 2
ORBKETEONIERELELIZOT,
Z ORI OVTHET 5,

7545, ESSO OSAKA &, H AR
INERBS, 2 HARmEARED JAMP
(Japan Manoeuvrability Prediction) YV —F
vy v—7THRD L oo EERET, &
K FFERSBE R O EM S Ao ENIZEE LT,
RO R AR CRETEERBE S Y L 2 v
— v g VEEENTONIMTD 5o

AL, UPIEFTICE 1T B 4 mIERAIC B
& 3R EEE R A O SEBRKIE TS S IR O
g7 AR IC X A ARBREERY Y LI, X
FFERT o fi A R O & % 7 4 DS KIUIE KA
ORI D RER T L TR ATRETH 2
CEAWERTAHEEbIC, TOBROMRBELID
WTHET b

2. HEEEI

=rEg I (3 L o 3, TERRMER Lpp 4
mOAKEIT, HERIAIGERD 1/81.25 TH bo

— 9

SRERIR BB G AR O Trial Condition TH 5
HEERAE S LT, BMEO X EH% Table 11T
R o

ARl <7 REZ0 112m, EEEL
0.682 D5ET B RTITHb,

Table 1 Principal Particulars of Ship

and Model

Shipk Model
Length between
perpendiculars  Lpp (m) 325.0  4.0000
Breadth B (m) 53.0 0.6523
Draft d (m) 21.79 0.2682
Trim (m) 0.0 0.0
Displacement /A (m) 311,610 0.581
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