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Preliminary Sizing of a High Temperature Superconducting Motor

for the Application to Electrically Propelled Aircraft
Kyo-Sic Shin*, Ho-Yon Hwang**, Jon Ahn** and Tae-Woo Nam***

ABSTRACT

In this research, a high temperature superconducting(HTS) motor is designed which
is adequate for an electrical aircraft by generating high power density and the
potentiality of its application to an aircraft is studied. The designed motor is based
on YBCO plates, HTS coils composed of Bi-2223, and ironless air cooled resistive
armature. The HTS motor is designed to generate power equivalent to O-360 engine
with 180HP at 2700RPM which is used for Cessna and equivalent to CFM56 engine
with 18000HP at 5000RPM which is used for B-737. Also, power densities of HTS
motors are compared with power densities of aircraft engines so that we can estimate
the potentiality of the HTS motor as an aircraft engine.
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Fig. 1. Electric aircraft power design
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Adopted Motor

20 kw
1200 RPM
15.8 kg

E-Genius

150 kW (peak)
32 KW (cruise)
5500 RPM

Taurus G4

125 kW (peak)
45 kW (cruise)
8000 RPM

41 kg

Electric Cessna 172 &=

Fig. 2. Electric aircraft and motor
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Fig. 8. Comparison of power and torque
density between conventional and
HTS motors
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Fig. 9. HTS motor design flow
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HTS Motor Sizing Program B Atold =S S35 Aol Ade}, 7E
o A7 =E[101E 58 AolY HAQ Ass
Input Output -
) P Hlisled  Table 1o] YERARITE Table 19
Powerf(l ota eight -
Speed(RPM) Total Vol : 93) HIS-AE 71=9 a7 5155'_*[10]01]/\1 Abeld &
ee otal Volume{m”
- W daboln HISBE B o] olaws-
Power Density(kW/kg)

Experiment Data 1

Critical current density (77K, OT) Jco (A/mm2)
HTS operating factor

HTS filling ratio

HTS angular aperture (%)

Magnetic flux density in the back iron (T)
Cryocooler % Carnot efficiency

Armature density (kg/m3)

Iron specific losses (1.5 T, 50 Hz) (W/kg)

Experiment Data 2

Armature Ampere turn loading (kA/m)
Machine shape factor (La/ro)

Distance armature-field winding (mm)
Armature current density (Arms/mma2)
Temperature (K)

Espace induit-culasse (mm)

Calculate 1

Torgue (Nm)

Armature thickness es (mm)

HTS outside radius (mm) r2

Back iron inner radius (mm) rs
Active length (mm) La

Total length (mm) Ltot

Tangentail Speed at r2 (m/s)

Radial no load field at armature Bro (T)
Radial max field on HTS winding (T)
Critical current density (A/mm2)
Field winding current density (A/mm2)
HTS outside radius (mm) rl
Synchronous reactance (p.u.)

Back iron thickness (mm)

Back iron external diameter (mm) re
Intermediate calculation for r1

HTS angular aperture (rd)

Thermal cryostat losses (W)

HTS field winding AC losses (W)
Iron losses (W)

Armature copper losses (W)

Total electrical losses (W)
Frequency (Hz)

Calculate 2

HTS weigth (kg)
Armature winding weight (kg)
Back iron weigth (kg)

Fig. 10. HTS sizing Excel program
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Table 1. Comparison of HTS-A with HTS-B 0-3607 PI71A] o]4 2 HA TLezAL T
HTS_A HTS_B E1 /K—];—“E‘ ‘AO]'O:} YBCO*’J’J/]‘ Bi-2223 ix’:_] Mo‘%
12712 st¥on, RHO & 2T+ 30°Ko2
Power (KW) 200 200 A st
Rotation Speed (RPM) 2700 2700
Table 2. O-360 engine and CFM56
3 20 27 .
Total Volume (1n2') engine performance
Total Weight (kg) 40.64 65.48
Number of pole pair 4 4 ©-360 CFMS6
- Sonsity (Nm/ka) 7e 08 Power(KW) 134 13400
orque density TNm/xg ' : Rotation Speed(RPM) 2700 5000
Power density (Kw/kg) 49 3.1
4 ° Total Volume(m?) 0.3464 4.309
Total Weight(kg) 117 1940
Torgue(Nm) 4739 25592
Power density(KW/kg) 1.1453 6.9072

Fig. 11. Cessna 172 and O-360 engine
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Table 4+
g3t =€

30°Ke] =55

Table 3. HTS-1 motor sizing results

Power(KW) 134
Rotation Speed(RPM) 2700
Number of pole pair 4
Temperature(K) 30
Active length(mm) 315.01
Total length(mm) 397.48
External diameter(mm) 121.46
No load field B(T) 0.614
HTS weight(kg) 8.554
Armature winding weight(kg) 248
Back iron weight(kg) 16.3

Table 4. HTS-2 motor sizing results

Power(KW) 13400
Rotation Speed(RPM) 5000
Number of pole pair 12
Temperature(K) 30
Active length(mm) 1462.2
Total length(mm) 1589.8
External diameter(mm) 502.6
No load field B(T) 0.3317
HTS weight(kg) 39.5
Armature winding weight(kg) 444 1
Back iron weight(kg) 280.4
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Table 5. HTS motor design results

HTS-1 HTS-2
Power(KW) 134 13400
Rotation Speed(RPM) 2700 5000
Total Volume(m?) 0.01828 1.261
Total Weight(kg) 49.7 764
Torque(Nm) 4739 25592
Power density(KW/kg) 2.6962 17.539

Table 5+ Table 33} Table 49 AlAF A3} zk
< "R S E HTS- 13 HTS-2 12%3E EH 9
AA FA, 9, E3 283 2EIEE A2
Aztolty, AAH NL2ZAE FEH HTS-1<& 49.7
kgo] FA, 001823 m’el F3)s} 2.7 kW/kgel
YU E 24 "o HTS2 ZEH 3% 764
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Fig. 14. Comparison of CFM56 engine
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