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Design and characteristics study of a 1 MW class superconducting motor for small-ship propulsions
JungRang Seo' - Gi-Dong Nam’ - Minwon Park '
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Abstract: In this study, we examined the design and characteristics of a 1 MW superconducting motor for small ship
propulsion. The design is based on the basic modelling conditions and structure of a superconducting motor using Yttrium ba-
rium copper oxide (YBCO) wire. To determine the best conditions for the rotor and stator sections, and reduce the time re-
quired for simulation, a modified Taguchi method was proposed. The diameter and shaft length of the 1 MW small ship super-
conducting motor, and length of the superconducting wire required were 1.4 m, 0.77 m, and 8.8 km, respectively. The max-
imum and vertical magnetic fields were 3.56 T and 2.05 T, respectively. The analysis results demonstrated that the rated torque
at 190 rpm was 55.2 kN-m with an output power of 1.1 MW. These results will be effectively used in designing small ship
propulsion systems that require superconducting motors.
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Figure 1: Classification of motor for ship propulsion

Figure 2: Dimension comparison of the 36.5 MW motor

with a conventional
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Figure 3: Configuration of the 1 MW superconducting motor

Table 1: The material of each component of the super-
conducting motor

Component Material

Rotor body M-27 24 Ga
Field coil Y-Ba-Cu-O (YBCO)
Cryostat 304 Stainless steel

Stator teeth Glass fiber reinforced plastic (GFRP)

Stator winding Copper
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Table 2: Fundamental structure of the 1 MW super-
conducting motor

Items Value

Rated output 1 MW
Rate voltage 33 kV

Rated armature current 192 A
Rated rotatating speed 190 rpm
Rated torque 55.2 kN'm

Number of poles 6
Operating temperature 30 K

N
7F QIZbEE A AAlE dm &
AA B AARA G
AAZ 7HA I Jor g EfE uAx A 314 A4
o} KA} AHAle] AE =
7F AEEd W 71717 sk Eart BAE A, 2%
o] 3H HrE F7] Frdtasty oy} 2ol ot

oo
2
{0
:(n)l:'
=
il
2
N
M
o
oLk
>
rr
) 0.84
-4
-~

1201,

n&/nc = P

oJ71A fel= o17] F4 (Hz)olaL p= 3] AR F 5= o
o) A4z AfFE 2R 7G-S WA 3] AR
AN B A7t s D8-S S, o) ARw
A2 BSe] 31d 271t 3] dak 2714 BRE)
o o8| sty T A7)l 98 fE ¥ E
g os Aolerh

d
ﬂ\.—_

pr

T
A5 A

e o

P b K

7=kBj ¥ Bg @)

2 )94 k9] 72 BR 2 BSE X dsH=d A @
9] Alz=gel ejEdh= el F ey
W EA7F AP 7 A7 s g 57

A= v Ao Arte.

2
s

P=—=k B _AD’ng 3
\/5 wso‘ts S ( )

714 Bso= AR AAA Hol WAF A& B o]

1A A AR VAR kwe 7R 12T

Agoln, D= 2AA WA, LS 2HO fr&

Nsi= 3|d &o|ty u4z} A% e v ¥

ARt

H

s

=)
oo

=
-

o Y
9
Q9

d
1>
o

SharulA A Yoy e A #4348 A9E(2019.11)

AL B e] v oIt 3 4 A Ao dFe 3 dAk
Ad AEenE AtE

A 271[)h[sk:w 5

* 05Dr ®)

)

A el 9% ol

o]7]14 Tphi AA F=0]2 Is= AL

o}HS].
2.3 2G HTS & RHS| ARRF

1 MW 4% 2E9 ZE 398 AP Yttrium ba-
rium copper oxide (YBCO) AAE AR&ste] A=)
YBCO A 7j2] 2pA|S ALF-S Table 39 2.2F=o] At} [6].

Figure 4= YBCO AA9] Ic-B 348 HolZth 4%
AAe] Fag 542 A1 A7]19k Al et
£ YBCO A= 4 A713ol ofsf A %= 2
Ho|xz efjo]7] o] 2 A7l oJal A HiF
A=A 2AE = Fd9] HAF= gbolo] dA %

o] 40% b ke 48t

3.1 Taguchi HHES AIES ZXHEI2HO| ML H

2 =il e el A7) A ol Taguchi
S ARgste] A gQlel 7 A3k vy WaE =ES)
Fow7), 1 A% AAE | MW ZHALE FE O Aleke
Table 4] 2°F=|o] 9rt 2HE RE|S AA7 & o]
2 A8 2HE AAe] Dol 242 14 m, 077 m 1]
3l 8.8 kme]t},

Table 3: Characteristics of the superconducting wire

Items Value
Material YBCO
Thickness 0.15 mm
Maximum double bending diameter 12 mm
Maximum rated tensile stress 250 MPa
Maximum rated tensile strain 0.30%

Critical current {A)

0.0 05 1.0 1.5 2.0 2.5 3.0 3.5
Magnetic Field (T)

Figure 4: Ic-B curves of YBCO wire depending on the op-

erating temperature
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Table 4: Specifications of the superconducting motor using
the Taguchi method

Items Value
Rated power 1 MW
Rated L-L voltage 33 kV
Rated armature current 192 A
Rated rotational speed 190 rpm
Rated output torque 0.05 MN'm
Air-gap between rotor and stator 52 mm
Core type air core
Operating temperature 30 K
The number of the rotor poles 6
Effective length 331 mm
The number of the HTS coil 250
turns/layer/pole
The number of the HTS coil layers/pole 4
Operating DC field current 324 A
Safety margin of the operating current 30%
Total length of the 2G HTS wire 8.8 km
Core type air core
Operating temperature 300 K
The number of the stator coil turns/phase 30
The total number of the stator slots 36
Current density of the stator coil 3 A/mm?
Diameter 1.4 m
volume 1.18 m’
Axial length 0.77 m
Total weight 8 ton
Maximum magnetic field 356 T
Perpendicular magnetic field 205 T
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Figure 6: Output torque of the 1 MW superconducting mo-

tor
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