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Abstract

The application of superconducting technologies to electric power apparatuses is greatly
contribute -to saving energy and resources. Superconducting generator (SCG) will be
promising alternatives for improving power system stability, increasing generation efficiency,
and reducing manufacturing cost with compact size. Super-GM has been conducting an 11
year project since 1988 mainly R&D on SCGs, which has been commissioned from NEDO (New
Energy and Industrial Technology Development Organization) as a part of the New Sunshine
Project of AIST (Agency of Industrial Science and Technology) of MITI (the Ministry of
International Trade and Industry). In this paper, the current situation of R&D on 70MW

class SCGs in Super-GM is presented with emphasis on superconducting technology.
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Table 1 Main R&D items of 70MW class model machines.

Object R&D items
‘High capability of superconductor.
Field winding -Supporting technique of winding,

-Material selection of component.
-‘Machining and fabrication technique.
-Sealing technique of coolant.

-Reliability under long term operation.

‘Low loss conductor,

-Supporting technique of winding.

-Same operability as conventional machine.
‘Quench detection of field winding.

Multi—cylindrical rotor

Helium transfer coupling

Air gap armature winding

Operation and system
control
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Fig. 1 ‘Schematic diagram of superconducting generator
developing in Super-GM.

1176

NI | -El ectronic Library Service



5.2 HfmE5E

The Japan Society of Plasma Science and Nucl ear Fusion Research

il it

Table 2 Main parameters of 70MW class model machines.

ltem Slow response excitation Quick response
type A type B excitation type
1.Design parameter
Capacity MVA 83 83 73
Voltage kV 10 10 10
Current A 4,792 4,792 4,215
Power factor 0.9 0.9 0.9
Rotating speed rpm 3,600 3,600 3,600
Synchronous reactance  p.u. 0.35 0.35 0.45
Field current
Rating A 3,000 3,000 3,200
Max. A 3,600 3,600 4,500
Max, flux density T 4.8 5.4 6.0
Rotor diameter mm 880 890 885
Shield core length mm 1,500 1,500 1,500
2.Superconductor type High stability High current Low AC loss
density
3.Rotor structure
Warm damper Single layered Squirrel cage | Three layered
Cold damper Three layered Single layered | Single layered
Mechanism for Double bearing | Flexible disk Flexible support
thermal shrinkage
4,Stator structure Air gap Double Water
winding / transposition / cooled
conductor
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Table 3 Main parameters of NbTi pool boiling cooled
superconductors of 70MW class model rotors.

Superconductor lype
Item High stability High current densily Low AC loss
- (for A rolor) (for B rotor) (for quick response type)
1, Strand -
Strand dia. 0.4 mm 161 mm 0.5 mm
Filament dia, T U 88 1 35
Matrix ratio CuNi/Cu/NbTi: CuNi/Cu/NbTi: Cu/NbTi=1.4
0.69/0.98/1 1.80.9/1
Stabilizer Al divided by CuNi Cu Cu
Structure Compacted double Compacted stranded | Compacted double
stranded stranded
2, Conductor
Size 3.7 mm X 6.1 mm 29mm X T4mm 9.2mm X 3.imm
Void fraction 187% 123% 25 %
Critical current 11,400 A at 4T 13,770 A at 5T 21,060 A at 4T
{at 42 K) 5,700 Aat 1T 1830 Aat 1T 10010Aat 7T
Residual resistance | 8.5 1£Q /m at 4T,10K | 174(RRR) at 0T, 10K 154(RRR) at 0T, 10K
AC loss 39KW/m * at 4T5T/s |18.8KW/m ® at 4.6T5T/s |9.8KW/m * at 4~6T,10T/s
3 Cross section —— — —— -

1177

NI | -El ectronic Library Service



The Japan Society of Plasma Science and Nucl ear Fusion Research

Winding Support Damper

Warm Damper

{Squirrel Cage Type)
Superconducting Hedge e g8 TyP
Field Winding 2257 ‘7,==. <
Slot 2577
P TR {ég},/'//(/'//‘]/\\\ Cold Damper
% R o114
: N ':'o,.;\« Vessel
——t NACS -’\\ \\‘ E‘

Slow response type' B

Warm Damper

Winding Support (Single Layer Type)

Cold Damper

Superconducting
Pield Winding

Slow response type A

Winding Support
Hedge
Superconducting
Field Winding

g 'M.‘n‘.-
e A

Damper Support
Harm Damper

Fig. 2 Cross section of 70MW class model rotors.
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Fig. 3 Winding structure of 70MW class model rotors.
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Table 4 Structural materials of 70MW class model rotors.

Structural materials
Components Slow response excitation Quick response excitation
type A type B type
Winding support shaft A28 A286 Modified Inconel 718
Torque tube A28 A286 Modified Inconel 718
Warm damper [Single layered] [Squirrel cage] [Three layered)
Ni-Cu-Al alloy Cu alloy A286/Cr-Cu/A286
18Mn-18Cr (end ring)
7288 (supporl)
Cold damper/Radiation | (Three layer} A219-To 7286
shield SUS/Cu/SUS
Structural | for Inconel 718 Ti-6Al-4V Inconel 718
thermal shrinkage
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Fig. 4 Rotation test with current excitation of the partial
rotor model to have the same diameter and 1/3
winding length as the 70MW class model rotor for
slow response type B.

Fig. 5 Field winding of the partial rotor model to have the
same diameter and 1/2 winding length as the
70MW class model rotor for quick response type.
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Fig. 6 Outer view of the armature winding model, which
has the same cross section, 2/3 shield core length
and 1/3 no. of armature windings as the 70MW
class model stator.
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Fig. 7 Winding support shaft for the 70MW class model
rotor of slow response type A.

Fig. 10 Field test facility for 70MW class model machines

Fig. 8 Winding support shaft for the 70MW class model by the Motor-Generator testing method (The

rotor of slow response type B. pump-back testing method), which is construct-
ing in the Osaka power station, Kansai Electric
Power Company Inc..

L,ﬁ&%%%IK%%L(w%

—F, AT — 5B ER, FRP 7« — %
L EDFBEEERRT L, EF VAT OK
MR AICEF LT b

Fig. 9 Winding support shaft before machining of the 5. ¥&8
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