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Mass and cost Mass and cost Mass and cost Mass and cost overviewoverviewoverviewoverview
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BladesBladesBladesBlades 111128282828 832832832832 171171171171 1112111211121112

RestRestRestRest rotor (hub)rotor (hub)rotor (hub)rotor (hub) 100100100100 488488488488 132132132132 631631631631

NacelleNacelleNacelleNacelle 123123123123 716716716716 160160160160 933933933933

Total R&N structureTotal R&N structureTotal R&N structureTotal R&N structure 351351351351 2036203620362036 463463463463 2676267626762676
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Magnetic gearMagnetic gearMagnetic gearMagnetic gear

+ Generator+ Generator+ Generator+ Generator

• CompactCompactCompactCompact

• No No No No contactcontactcontactcontact

• High High High High efficiencyefficiencyefficiencyefficiency

Magnetic Pseudo Direct Drive (PDD)Magnetic Pseudo Direct Drive (PDD)Magnetic Pseudo Direct Drive (PDD)Magnetic Pseudo Direct Drive (PDD)
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Choice of superconductorsChoice of superconductorsChoice of superconductorsChoice of superconductors

MgB2 HyperTech

1-4 €/m

NbTi Bruker EST

0.4 €/m

YBCO
AmSC

20 €/m30 €/m

Bi-2223

Jensen, Mijatovic & Abrahamsen, Jensen, Mijatovic & Abrahamsen, Jensen, Mijatovic & Abrahamsen, Jensen, Mijatovic & Abrahamsen, J. J. J. J. RenewableRenewableRenewableRenewable SustainableSustainableSustainableSustainable EnergyEnergyEnergyEnergy 5, 023137 (2013)5, 023137 (2013)5, 023137 (2013)5, 023137 (2013)
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HTS coil demo SIEMENSHTS coil demo SIEMENSHTS coil demo SIEMENSHTS coil demo SIEMENS

Mechanical support 
structure

Coils

Electrical 
contacts • As high temperature as As high temperature as As high temperature as As high temperature as 

possiblepossiblepossiblepossible

• HTS tapesHTS tapesHTS tapesHTS tapes

• 3 pancake 3 pancake 3 pancake 3 pancake stackedstackedstackedstacked

• T = T = T = T = ---- 243 243 243 243 ooooCCCC ((((LNeLNeLNeLNe))))

• I = 474 AI = 474 AI = 474 AI = 474 A

• AC losses determinedAC losses determinedAC losses determinedAC losses determined

@ @ @ @ IIIIACACACAC < 100 A     &< 100 A     &< 100 A     &< 100 A     &

IIIIDCDCDCDC < 300 A< 300 A< 300 A< 300 A

• Industrialization of coil Industrialization of coil Industrialization of coil Industrialization of coil 

manufacturing neededmanufacturing neededmanufacturing neededmanufacturing needed

Cooling system
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Topologies SIEMENSTopologies SIEMENSTopologies SIEMENSTopologies SIEMENS

Air-core stator, air-core rotorIron-core stator, air-core rotorIron-core stator, iron-core rotor
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• To be cheaper  than PM, SC cost must decrease 90%To be cheaper  than PM, SC cost must decrease 90%To be cheaper  than PM, SC cost must decrease 90%To be cheaper  than PM, SC cost must decrease 90%

• SC is not expected to be lighter than PM for this topologySC is not expected to be lighter than PM for this topologySC is not expected to be lighter than PM for this topologySC is not expected to be lighter than PM for this topology

PM vs superconducting SIEMENSPM vs superconducting SIEMENSPM vs superconducting SIEMENSPM vs superconducting SIEMENS
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MgBMgBMgBMgB2222 coil demo SINTEFcoil demo SINTEFcoil demo SINTEFcoil demo SINTEF

L ~ L ~ L ~ L ~ 0.8 m0.8 m0.8 m0.8 m

W ~ W ~ W ~ W ~ 0.4 m0.4 m0.4 m0.4 m

TurnsTurnsTurnsTurns: : : : 2080208020802080

LLLLMgB2MgB2MgB2MgB2: : : : 4.5 4.5 4.5 4.5 km km km km 

Height:  Height:  Height:  Height:  81 mm 81 mm 81 mm 81 mm 

Width:   Width:   Width:   Width:   87 mm87 mm87 mm87 mm

“Cheap but not too heavy”“Cheap but not too heavy”“Cheap but not too heavy”“Cheap but not too heavy”

Columbus SuperconductorsColumbus SuperconductorsColumbus SuperconductorsColumbus Superconductors

10 pancake coils stacked10 pancake coils stacked10 pancake coils stacked10 pancake coils stacked

Industrialization of coil Industrialization of coil Industrialization of coil Industrialization of coil 

manufacturing neededmanufacturing neededmanufacturing neededmanufacturing needed
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Combine SC + Cu + Si steel + G10Combine SC + Cu + Si steel + G10Combine SC + Cu + Si steel + G10Combine SC + Cu + Si steel + G10

Iron
3€/kg

G10
15€/kg

SC
4€/m

Cop-
Per
15€/kg

Liu et al. 
IEEE TAS 
2017



MgBMgBMgBMgB2222 superconductorsuperconductorsuperconductorsuperconductor operation J < Joperation J < Joperation J < Joperation J < JEEEE

T = 20 K
Future ScenariosFuture ScenariosFuture ScenariosFuture Scenarios

1)1)1)1) CostCostCostCost →→→→ ¼¼¼¼

2)2)2)2) JJJJeeee →→→→ 4 x 4 x 4 x 4 x JeJeJeJe

3)3)3)3) b + cb + cb + cb + c

Jcoil

Liu et al. IEEE TAS 2017



Optimized designsOptimized designsOptimized designsOptimized designs

• With iron: With iron: With iron: With iron: 

cheap but cheap but cheap but cheap but 

heavy heavy heavy heavy 

• Without iron: Without iron: Without iron: Without iron: 

light but light but light but light but 

expensiveexpensiveexpensiveexpensive

• Scenario 4 Scenario 4 Scenario 4 Scenario 4 

and 1/4: and 1/4: and 1/4: and 1/4: 

small small small small 

differences differences differences differences 

betweenbetweenbetweenbetween

PM

Liu et al. IEEE TAS 2017



Different diameter length ratiosDifferent diameter length ratiosDifferent diameter length ratiosDifferent diameter length ratios

D = 6 mD = 6 mD = 6 mD = 6 m

D = 8.4 mD = 8.4 mD = 8.4 mD = 8.4 m
D = 10.8 mD = 10.8 mD = 10.8 mD = 10.8 m
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Different diameter length ratiosDifferent diameter length ratiosDifferent diameter length ratiosDifferent diameter length ratios

6 m6 m6 m6 m 8.4 m8.4 m8.4 m8.4 m 10.8 m10.8 m10.8 m10.8 m costcostcostcost 6 m6 m6 m6 m 8.4 m8.4 m8.4 m8.4 m 10.8 m10.8 m10.8 m10.8 m

[t][t][t][t] [t][t][t][t] [t][t][t][t] [k[k[k[k€€€€/t]/t]/t]/t] [k[k[k[k€€€€]]]] [k[k[k[k€€€€]]]] [k[k[k[k€€€€]]]]

Torque Torque Torque Torque transmtransmtransmtransm.... 8888 8888 8888 4444 32323232 32323232 32323232

KingpinKingpinKingpinKingpin 13131313 13131313 13131313 2.52.52.52.5 33333333 33333333 33333333

Rotor structureRotor structureRotor structureRotor structure 82828282 98989898 112112112112 2.52.52.52.5 205205205205 245245245245 280280280280

Stator structureStator structureStator structureStator structure 49494949 49494949 58585858 2.52.52.52.5 123123123123 123123123123 145145145145

Total Total Total Total structurestructurestructurestructure 152152152152 168168168168 191191191191 392392392392 432432432432 490490490490

Active mass Active mass Active mass Active mass 153153153153 118118118118 96969696 706706706706 579579579579 509509509509

TotalTotalTotalTotal 305305305305 286286286286 287287287287 1098109810981098 1011101110111011 999999999999
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Potential studyPotential studyPotential studyPotential study

PMPMPMPM

2xPM2xPM2xPM2xPM

• What is the potential if extremely strong What is the potential if extremely strong What is the potential if extremely strong What is the potential if extremely strong 

superconductors become available?superconductors become available?superconductors become available?superconductors become available?

• Minimum: double shear stressMinimum: double shear stressMinimum: double shear stressMinimum: double shear stress

Liu et al. IEEE TAS 2017



Potential mapped to SC wires Potential mapped to SC wires Potential mapped to SC wires Potential mapped to SC wires 

Liu et al. IEEE TAS 2017
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• SC can be more compact and efficient than PMDDSC can be more compact and efficient than PMDDSC can be more compact and efficient than PMDDSC can be more compact and efficient than PMDD
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– More expensive than PMDD and PDDMore expensive than PMDD and PDDMore expensive than PMDD and PDDMore expensive than PMDD and PDD

• Reasons to consider SCReasons to consider SCReasons to consider SCReasons to consider SC
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