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Connect PV and iDC by 
underground superconducting 
cable system

» DC-DC real operation test

1km-dc cable system (2.5kA, 
50VA) for various testing

» To obtain data for future 
longer length (20km~) 
cable system

HTS DC power transmission system (Ishikari PJ)
：supported by METI (FY2013-2015)&NEDO(FY2016)

Ishikari Superconducting DC Power 
Transmission System Research Association

Organization

Testing system



Key technical issues for realization of long 
distance HTS DC transmission system

» Low heat loss & low pressure drop LN2 circulation 
–  HTS DC cable loss almost depends on heat leak 
of the system. 

» Releasing thermal contraction and expansion of SC 
cable during cooling/warming process 
–  Thermal contraction ~ 0.3% ⇒3 m for 1km cable 

» Line tension of about 3 ton without release                                              
»Close to yield stress of strand former
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Specification of Ishikari -Line 2（1000m）

Rated Current 2500A

Transmission 
Capacity 50MVA

Length 1000ｍ
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超電導ケーブルコア

Copper strand former
HTS inner conductor 

(2 layers)

HTS outer conductor 
(1 layer) Copper shield

Electric insulation
Protection layer

Cushion layer

Line2

Designed	maximum	current 2.5kA

Total	number	of	inner	conductor 24*1	(Ic≥4.3kA@77K)

Total	number	of	outer	conductor 15*2	(Ic≥3.3kA@77K)

Dielectric	layer PPLPⓇ

Outer	diameter 40mm Multi-joint
　・Core-stop joint (CSJ)
　・Normal joint (NJ)

*1 DI-BSCCOⓇ (Type HT-CA (Ic>180A), Sumitomo Electric Industry 

*2 DI-BSCCOⓇ (New Type HT-CA (Ic>220 A), Sumitomo Electric Industry 
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LN2 circulation system (Line 2 1000m)

Refrigerators
•2 kW Turbo-Brayton refrigerator (Taiyo Nissan Sanso Co.)
•1 kW Stirling refrigerator (AISIN)

LN2 pumps
•Centrifugal pump with magnetic bearing (AISIN)
•Bellows pump (Eagle Industry CO. LTD.)

Stirling refrigerators

Turbo-Brayton refrigerators

LN2 pump CP2

LN2 pump CP1

LN2 reservoir tank

Building 3 Building 4

Return pipe

Cable pipe

Terminal BTerminal A
Joint B Joint A

LN2 pump CP3

heater
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①Low heat leak & Low pressure drop LN2 circulation 
Two types of smooth cryogenic pipe

Normal type With radiation shield
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Cable pipe



①Low heat leak : Peltier current lead

Heat Leak for 　Copper Lead ≈ 50W/kA 
　　　　　　　Pertier Current Lead  < 30W/kA 
      

S. . Yamaguchi et al., Physica C 471, 1300 (2011) 
S. Yamaguchi et al., Physics procedia 36, 1131 (2013) 

Schematic illustration of a Pertier 
current lead (PCL)

DC current 
source

heat flow

heat flow

current

p-type  
semiconductor

n-type 
semiconductor

Heat leak vs. applied current measured for PCL installed in
the present  system using a test bench in Chubu Univ.
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X-ray observation of cable after helical deformation

line 2, section 3

vertical view

horizontal view

②Against thermal contraction during cooling/warming 
Movable terminal cryostat ＆Helical deformation technique

The helical periodicity　Hp : 1250 mm−1900mm
Hp=1250mm is calculated to absorb 0.32 % of thermal contraction.
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Cooling test（2nd cooling test：July	19,2016	-		） 
N2 gas flow: -160℃ for about 40 hrs, then −170℃ for about 4hrs
Injection of LN2 :after 49 hour, finished at 55 hour and started LN2 circulation.

N2 gas/LN2

The temperature profiles of cable core surface measured by the optical fiber sensor during initial 
cooling process
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Results
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H. Watanabe, et al., IEEE Trans. Appl. Supercond., 27, # 5400205 (2017).

①Low heat leak & Low pressure LN2 circulation

0.06

• Total heat leak < 2 kW
• Low heat leak <1.5 kW (cable + return) 
• Radiation shield effectively decreases 

heat leak at cable pipe to 0.06 W/m.
» 0.6 kW for 10km :ΔT=1.1 K at 20L/min
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Results ①Low heat leak & Low pressure circulation of LN2

Measured ΔP and the estimated ΔP for longer cable system

H. Watanabe, et al., IEEE Trans. Appl. Supercond., 27, # 5400205 (2017).

Low ΔP:11 kPa(cable 
pipe) and 18 kPa(return 
pipe) @ 32L/min

From estimation, ΔP is 
about 0.14 MPa & 20 L/
min for 10 km.

This value is within the 
speculations of 
existing LN2 pumps
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Relationship between temperature and the axial tension of the cable 
core during the cooling process

Moving cryostat

Axial tension strength 
of the cable can be 
controlled below 1000 
kgf.

②Against thermal contraction during cooling/warming 
Movable terminal cryostat ＆Helical deformation technique

Results



Ic measurement

The measured Ic values 
have a good agreement 
with the estimated values 
from sample test.
»  the Ic properties were 

conserved after the 
cable laying and 
cooling process.
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Outer conductor

Inner conductor

DC 
current
source

＋

�

I

I

I

PCL PCLPCLPCL

Terminal B

SC cable core

V

V

Terminal A

Results

 I-V curve at 69.7 K
Inset: Temperature dependence of Ic (criterion 0.1 µV/

cm).The broken lines shows Ic value estimated from the 
sample test of SC tapes for minimum and maximum Ic.



Continuous current loading test

Current

End-to-end voltage 
of HTS tapes

Results

2.5kA x 3hrs

Heat loss estimated from the temperature rise

•Voltage of the tapes are below Ic and 
stable during loading test
•Increase of heat loss with current loading 
is observed mainly in terminals.
•Almost negligible at SC cable sections and 
joints

HTS

BiTe

Cu

Cu lead

Cu lead

Cu lead 0.1mohm



» Load cycle test of 1 kA-8 hrs + 0 A-16 hrs for 20 days
» 40 days operation test of circulation system (without 

current load) for about 1 month
– confirmed the stability of the system. 

» Ic, performance of cooling systems was confirmed to be 
unchanged before and after 5 months of operation tests.
– Total operation time :TB refrigerators:3320 hours, LN2 

pumps:2310 hours
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Stability of Cooling systemResults



Summary
» Low heat loss and pressure drop for LN2 

circulation with our proposal system suggests 10 
km system (unit length) is technically feasible.

» Helical deformation technique is effective to 
solve thermal extension and contraction problem 
of cable core

» Stable operation of the cooling system was 
confirmed during 20 days of load cycle test and 
long time operation test (40 days)
• TB refrigerators:3320 hours 
• LN2 pumps:2310 hours

16
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Thank you for your attention! 

This	work	was	supported	by	METI	&	NEDO



Load cycle test
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Results
(1 kA x 8 hours + 16 hours off ) for 20 days

Enlarged view

①		②	③		④					⑤		⑥					⑦	⑧		⑨	⑩	⑪		⑫	⑬		⑭	⑮		⑯	⑰		⑱	⑲		⑳

※ ※ (※ :Interruption of test occurred because of power out/malfunction）

End-to-end	voltage measured at SC tapes
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Background
“Long-term Energy Supply/Demand Outlook “  METI says Japan 
needs more renewable energy sources!
==> Long length transmission system is necessary

Merits of superconducting dc transmission line
» Suitable for long length transmission  

– Low transmission loss = free of ac loss, zero 
resistivity,  only heat loss 

» Low building cost 
» Environmentally friendly 

– No electromagnetic pollution 
– Low voltage
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出典：hTp://www.amsc.com/

Overhead line （150 m width, 40 m height）

Environmental	abuse	(forest	
devastation	etc.)

HTS DC line: less than 1 m O.D.


