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1 - Coreless Dual Rotor Disc Type Hysteresis Motor
2 - Slotless Dual Rotor Disc Type Hysteresis Motor
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Outer radius of rotor Ro=100 mm

Air gap length 01=g2=4.58 mm
Per unit coil pitch a=1
Number of turn per phases Nph=100
Number of phases m=3
Conductor diameter Copper D=1.5mm
Number of poles 2
Nominal frequency 50 Hz
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Material Fe-Cr-Ni-Mo-C
Thickness of rotor 1 tr1=14.58 mm
Thickness of rotor 2 tr2=14.58 mm
Thickness of stator ts=41.35 mm
Inner radius of rotor Ri=50 mm
Outer radius of rotor Ro=100 mm

Air gap length g1=¢g2=5.11 mm
Per unit coil pitch a=1
Number of turn per phases Nph=50
Number of phases m=3
Conductor diameter Copper D=1.4 mm
Number of poles 2
Nominal frequency 50 Hz
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Rotor material Fe-Cr-Ni-Mo-C Fe-Cr-Co Fe-36%Cobalt Alnico
Thickness of rotor 1 tr1=15.4 mm tr1=5.35 mm tr1=3.65 mm tr1=3.66 mm
Thickness of rotor 2 tr2=15.4 mm tr2=5.35 mm tr2=3.65 mm tr1=3.66 mm
Inner radius of rotor Ri=49.5 mm Ri=47.2 mm Ri=47.7 mm Ri=47.4 mm
Outer radius of rotor Ro=100 mm R0=63.6 mm R0=97.2 mm Ro=64.2 mm

Air gap length gl=g2=4 mm gl=¢g2=11.7 mm g91=g2=11.9 mm g1=¢g2=11.83

Per unit coil pitch a=1 a=1 a=1 a=1
Number of turn per Nph=96 Nph=366 Nph=247 Nph=298
phases
Conductor diameter Copper Copper Copper Copper
D=1.8 mm D=1.7 mm D=2.1 mm D=1.9 mm
Number of poles 2 2 2 2
Nominal voltage 50 Volt 50 Volt 50 Volt 50 Volt
Nominal frequency 50 Hz 50 Hz 50 Hz 50 Hz
Number of phases m=3 m=3 m=3 m=3
Full load current 13.89 Ampere 13.93 Ampere 10.98 Ampere 25.29 Ampere
Output power 250 Watt 250 Watt 250 Watt 250 Watt
Efficiency 51.93% 23.02% 43.8% 12.27%
Power factor 0.4 0.90 0.60 0.93
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Rotor material Fe-Cr-Ni-Mo-C Fe-Cr-Co Fe-36%Cobalt Alnico
Thickness of rotor 1 tr1=3.29 mm tr1=0.74 mm tr1=1.96 mm tr1=1.12 mm
Thickness of rotor 2 tr2=3.29 mm tr2=0.74 mm tr2=1.96 mm tr1=1.12 mm
Inner radius of rotor Ri=47.2 mm Ri=40.7 mm Ri=34.6 mm Ri=45.6 mm
Outer radius of rotor R0=91.8 mm Ro=60 mm Ro=60 mm R0=60.3 mm
Air gap length 01=g2=3.01 mm 01=g2=6.03 mm 01=g2=5.28 mm 01=g2=6.34
Per unit coil pitch a=1 a=1 a=1 a=1
Number of turn per Nph=100 Nph=381 Nph=197 Nph=343
phases
Conductor diameter Copper Copper Copper Copper
D=1 mm D=0.95 mm D=1.1 mm D=1.1 mm
Number of poles 2 2 2 2
Nominal voltage 200 Volt 200 Volt 200 Volt 200 Volt
Number of phases m=3 m=3 m=3 m=3
Nominal frequency 1000 Hz 1000 Hz 1000 Hz 1000 Hz
Full load current 5.84 Ampere 10.86 Ampere 8 Ampere 16.34 Ampere
Output power 1000 Watt 1000 Watt 1000 Watt 1000 Watt
Efficiency 86.71% 33.22% 72.12% 22.08%
Power factor 0.57 0.80 0.50 0.80
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Material Fe-Cr-Ni-Mo-C Fe-36%Cobalt Fe-Cr-Ni-Mo-C Fe-36%Cobalt
Thickness of rotor 1 tr1=15.5 mm tr1=3.50 mm tr1=2.65 mm tr1=0.63 mm
Thickness of rotor 2 tr2=15.5 mm tr2=3.50 mm tr2=2.65 mm tr2=0.63 mm
Thickness of stator ts=43.6 mm ts=15.53 mm ts=11.26 mm ts=3.83 mm
Inner radius of rotor Ri=50 mm Ri=46.7 mm Ri=49.2 mm Ri=46.7 mm
Outer radius of rotor Ro=100 mm R0=98.2 mm Ro=99 mm R0=98.2 mm

Air gap length g1=g2=5.3mm | g1=¢2=6.45mm | g1=¢2=6.39 mm | g1=g2=6.45 mm
Per unit coil pitch a=1 a=1 a=1 a=1
Number of turn per Nph=53 Nph=140 Nph=53 Nph=140
phases
Conductor diameter Copper Copper Copper Copper
D=1.4 mm D=1 mm D=1.6 mm D=1 mm
Number of poles 2 2 2 2
Nominal voltage 50 Volt 50 Volt 200 Volt 200 Volt
Nominal frequency 50 Hz 50 Hz 1000 Hz 1000 Hz
Number of phases m=3 m=3 m=3 m=3
Full load current 13.27 Ampere 8.63 Ampere 7.17 Ampere 5.9 Ampere
Output power 250 Watt 250 Watt 1000 Watt 1000 Watt
Efficiency 67.96% 59.73% 89.36% 78.9%
Power factor 0.32 0.56 0.45 0.62
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Abstract:

Sub-fractional horse power rating hysteresis motor as an exciter less synchronous
machine has found wide applications. Hysteresis motors becoming dominant machines
with cost the competitiveness of semi hard permanent magnet materials in the some
particular applications. This motor has some favorite features such as constant torque
during run up, low startup current and noiseless operation. Simple and robust rotor’s
structure, low starting current (around 1.2 to 1.5 times of nominal current), constant
torque, smooth and noiseless operation are the outstanding characteristics of hysteresis
motor, which candidate these motors for high speed applications. However, low
efficiency and low power factor are commonly mentioned as the main deficiencies of
the hysteresis motors which can be improved somewhat with rotor substance and design
contemplations. In this thesis two new structures named CDDHM (coreless dual rotor
disc type hysteresis motor) and SDDHM (slotless dual rotor disc type hysteresis motor)
for hysteresis motor are introduced and their operations are analyzed with some details.
Electromagnetic field analysis of CDDHM and SDDHM are performed and steady state
equivalent circuits based on design parameters for both motors are deduced. A computer
simulation algorithm is presented to predict the steady state operation characteristics of
the motors. Electromagnetic characteristics of a steel alloy which contains iron, chrome,
nickel, molybdenum and carbon (Fe-Cr-Ni-Mo-C) are presented and a new application
for this steel as an alternative material for the rotor of hysteresis motor is investigated.
Magnetic properties of Fe-Cr-Ni-Mo-C are compared with those of a few common
magnetic materials which are used in the conventional hysteresis motors. The genetic
algorithm is used to optimize the design of CDDHM and SDDHM motors. Optimized
motors with different alloys use in the rotor are finally compared.
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