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Japan’s First Live Power Transmission Using 3-in-One Superconducting Cable (High-Temperature Superconducting
Cable Demonstration Project) —— by Masayoshi Ohya, Yoshihiro Inagaki, Kazuaki Tatamidani, Hideki Ito, Takahiro
Saito, Yuichi Ashibe, Michihiko Watanabe, Hiroyasu Yumura, Tatsuo Nakanishi, Hirofumi Hirota, Takato Masuda,
Masayuki Hirose, Ryusuke Ono, Masahiro Shimoda, Naoko Nakamura, Hiroharu Yaguchi, Hiroshi Ichikawa, Tomoo
Mimura, Shoichi Honjo and Tsukushi Hara—— Japan’s first in-grid demonstration of a high-temperature
superconducting (HTS) cable system has been started to evaluate its performance, safety and reliability. We
developed the cable using the DI-BSCCO® HTS wire, and repeated design changes and element testing to meet
required specifications. The performance of the cable was confirmed in the preliminary test using a 30-m HTS cable
system and it was then successfully installed in Tokyo Electric Power Corporation’s Asahi Substation with associated
systems. In October 2012, the cable system was connected to a live power grid and started its operation for a long-
term demonstration test.

Keywords: high-temperature superconductors, power cables, in-grid demonstration
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. Voltage | Current | Length
Area Project ) (kA) m) Note
Albany 345 0.8 350 | Finished
Ohio 13.2 3 200 | In operation
USA
LIPA 138 24 600 | In operation
Hydra 138 4 200 | Plan
Denmark 30 0.2 30 | Finished
‘U Amsterdam 50 3 6,000 | Plan
Russia 20 14 200 | Plan
Essen 10 23 1,000 | Plan
China |  Yunnan 35 2 33.5 | In operation
GENI 229 1.25 410 | Plan
Korea
Jeju 154 225 1,000 | Plan
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[tems Specifications
230 MVA (66 kV, 2 kA)
Maximum current | 2.75 kA
AC loss 1T W/m/ph @2 kA

AC 90 kV for 3 hours,
Imp = 385 kV 3 repetitions

(D No degradation against the F.C. of
31.5kA, 2 sec.

@The rated capacity can be transmitted
immediately after F.C. of 10 kA, 2 sec.

Rated capacity

Withstand voltage

Fault current
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Test items

Results

Pressurized test

No leakage up to 0.6 MPaG at RT

Ic measurement (conductor)

54 kA at 77 K, As designed in consideration of magnetic field

Current tests -
Current loading test

Nominal current of 2 kA for 8 hours, over-current of 2.75 kA for 8 hours, successful

AC withstand voltage test

AC 76 kV for 10 min, successful

Voltage tests -
DC withstand voltage test

DC 152 kV for 10 min, successful

Long term voltage and loading test

At AC 51 kV, and 2kA with 8 hours on and 16 hours off, for T month, successful

Thermal cycle test between RT and LN2 temperature | No degradation of Ic, current or voltage performance in 5 repeated thermal cycles

Short-circuit current test

No degradation of Ic after 10 kA for 18 seconds
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Test items Results Comments
Critical current Conductor: 6.9 kA )
measurement at 77 K | Shield: 7.3 kA As designed
AC loss 0.9 W/m/phase at 2kA, .
measurement 50Hz As designed
Cable bending No /c degradation with 27m< 18D
test 2.7 mo bending (D: cable dia.)

No breakdown and no PD Refer to
Withstand voltage | signal at AC 90 kV for 3 hours | Japanese

tests No breakdown at Imp standard
+385kV, 3 repetitions (JEC 3401, 2006)

No /c degradation at 5 tons | 3 tons
tension and 0.5 tons corresponds to
compressive force 0.3 % strain

Cable pulling and
contracting tests
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