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1m ，1kV/1kADC HTS cable
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6m，2kV/2kA DC HTS cable
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Measurement system of practical long HTS tape by Measurement system of practical long HTS tape by 
contactcontact--free methodfree method
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Overview of 10m HTS cable systemOverview of 10m HTS cable system
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Container, termination, leads and Container, termination, leads and 
insulation of the HTS cableinsulation of the HTS cable
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Overview of Cryogenics SystemOverview of Cryogenics System
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Progress in 75m 10.5kV/1.5kA three 
phase HTS Cable

Design of HTS conductor；

High voltage insulation and 
shielding at low temperature；

Container,termination, current leads

Cryo-cooling System；



Yinshun WANG, IEE, Jun.,24, 2004 14

Main parametersMain parameters

AC loss less than1.0 W/kA.m/phase；

Heat leakage in current leads smaller  

than45W/kA；

Other properties of HTS cable satisfy

Electrical standard
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Insulation and shieldingInsulation and shielding（（RTRT）
innersemicondutor

XLPE insulation

outersemicondutor

copper tape

PVC protection

）

Inner semiconductor shielding layer + Insulation layer + Inner semiconductor shielding layer + Insulation layer + 
outer semiconductor shielding layer + Cu tape shielding outer semiconductor shielding layer + Cu tape shielding 
layer + PVC protection layerlayer + PVC protection layer
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Results of highResults of high--voltage voltage 
insulation in HTS cableinsulation in HTS cable

Test items Test value results

AC high-voltage test at 
power frequency

35 kV No 
breakdown

Radius of bending 0.9 m No 
Destructive

AC High-voltage at power 
frequency test after 

bending test

35 kV
No 

breakdown
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Design of HTS cable container and terminationDesign of HTS cable container and termination

Design requirementDesign requirement

•• Volume smallVolume small、、low heatlow heat--leakleak，，loss less than1.5W/m.loss less than1.5W/m.

•• Can be bended and wound on spool for easy Can be bended and wound on spool for easy 
transportation, bending radius <1.2 m.transportation, bending radius <1.2 m.

•• Rated voltage of container insulation 10.5 kV.Rated voltage of container insulation 10.5 kV.

•• Operation pressure in container 1Operation pressure in container 1--10bar.10bar.

•• Inner radius of container 50mm for conductor going Inner radius of container 50mm for conductor going 
through easily.through easily.

•• Outer radius of container 92mm for insulation Outer radius of container 92mm for insulation 
fabricating.fabricating.

•• Easily installation and disassembly.Easily installation and disassembly.
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Schematic Structure of cable Schematic Structure of cable 
containercontainer

超级绝热材料密封接口板 安全阀

容器端部接口 容器外管真空封口

真空保持材料 密封接口板

容器端部接口容器内管
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Schematic crossSchematic cross--section section 
of HTS cable containerof HTS cable container
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Container parametersContainer parameters

items unit parameters

Inner dia. mm 50

Outer dia. mm 92

Outer dia.（including insulation） mm 115

Withstand voltage kV 10.5

Operation pressure MPa 0.1-1

Min. bending radius mm 1200

Operation temperature K 67-77

Loss W/m <1.5

Vacuum Pa <1×10-2
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Inner and outer parameters of containerInner and outer parameters of container

items Inner 
dia. 

(mm)

Outer 
dia. 
（mm）

Bending 
radius 

(m)

Weight 
(kg/m)

Permissi
ble 

pressure
(Mpa)

Inner 
tube

50 61.5 >0.5 1.6 2.5

Outer 
tube

76.5 90 >0.5 2.2 1.5
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Insulation structureInsulation structure

Technology 
Order

items Thickness（mm）

1 Inner 
shielding

1

2 insulation 4.5

3 Outer 
shielding

1

4 Cu tape layer 0.2

5 Protection 
layer

4
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Termination of HTS cableTermination of HTS cable

Design requirementDesign requirement

• Operation current1500A.Current leads are fetched out from  
termination, loss of single current lead <45W/kA.

• Rated voltage10.5kV.
• Connection between termination and container disassemble.
• There are inlet and outlet in termination which can be regulated in  

order to meet single and 3-phase operation.
• Small heat leak, loss/phase <100W。
• Compensate the effect of length difference in 

container on HTS cable operation at different pressure 
operation.
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Schematic structure of terminationSchematic structure of termination
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Design of current leadDesign of current lead

Q<43W/mQ<43W/m
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CryoCryo--cooling system of HTS cablecooling system of HTS cable
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Technology requirementTechnology requirement

30003000W@70KW@70KMax. Max. coolingb coolingb powerpower

0.10.1～～ 1.01.0MpaMpaOperation pressureOperation pressure

<<7676KKTemperature at load Temperature at load 
outletoutlet

<<6666KKTemperature at load Temperature at load 
inletinlet

400400～～ 12001200L/hL/hFlowing massFlowing mass

Liquid nitrogenLiquid nitrogenMediumMedium



Yinshun WANG, IEE, Jun.,24, 2004 30

Controlling, collecting and displaying 
by computer，data including temperature 
at inlet and outlet,pressure, flowing 

mass,level of LN2 and  its loss.

Controlling 

mode

3 Soft tube，2 inlet，1 return one，inner 
dia.φ20 mm，loss<1.2 W/m.

Connection 
pipeline
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Principle view of LNPrinciple view of LN22 cooling cablecooling cable
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FlowFlow--chart of HTS cable system chart of HTS cable system 
cooled by cooled by crocoolercrocooler
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Conclusion
• Critical current of the HTS cable is more than 2800 A .
• Long-time operation and thermal cycle tests indicated that 

the performance of the cable is stable. 
• The joint resistances and ac losses of cable conductors are 

very low. 
• The reliable data and practice got from the development 

and tests of the 10m cable can be used for development and 
operation of the 75m, 10.5kV/1,5kA HTS power cable.

• Design 75m 10.5kV/1,5kA HTS power cable.
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Application of HTS cable depending on cryogenics

•The Superconductivity technology solved in HTS 
cable;

•Restriction of Cryogenics

•Maintenance of cooling system;

•Save energy, but not economical;
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Other HTS application research in IEEOther HTS application research in IEE



IEE—Improved Bridge-type SFCL
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HTS coil for a 380 V/25 A FCL demonstrator of the new designHTS coil for a 380 V/25 A FCL demonstrator of the new design
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Future PlanFuture Plan

10.5 kV/1.5kA 3-phase HTS FCL in 
this year or beginning of next year.



Yinshun WANG, IEE, Jun.,24, 2004 39

26 26 kVAkVA/400V/16V  3/400V/16V  3--phase HTS Power Transformerphase HTS Power Transformer
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Future PlanFuture Plan

630 kVA, 10.5 kV/400 V 3-phase 
Transformer will be finished and 
tested in TEBA Company at the 
end of  2004;
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Thank youThank you！！
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