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Conceptual Design of Electric-Pump Motor for 50kW Rocket Engine
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ABSTRACT

Electric pump system is new technology for next generation propulsion unit. The system
has simple structure which dose not need gas generator, injector and turbine and might
better pump for low cost and low payload rocket. Therefore, this paper suggests conceptual
design of electric-pump Permanent-Magnet Synchronous Motor (PMSM) which has 50 kW
& 50,000 RPM for rocket. To satisfy the system’s requirement, electromagnetic analysis is
conducted for suitable inner and outer diameter of stator and rotor which uses 4000 Gauss
cylinder magnet and Inconel 718 can to fix whole rotor. Futhermore, to confirm rotational
vibration, rotordynamics analysis is conducted. By this analysis, Campbell diagram is
printed. From the diagram, natural frequency could be determined for the only motor and
dynamo meter test bench.
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Fig. 2. Schematic view of developing electric-pump motor system|[7]
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Fig. 3. Electric pump system developed by

Rocket lab[8]
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Fig. 4. Electric-pump motor 2-D schematic
view for numerical analysis
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Fig. 5. Electric-pump motor numerical
analysis model
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Table 1. Electric-pump motor numerical
analysis cases

Do D Gap
Case 1 143mm 42mm 2.4mm
Case 2 148mm 48mm 2.4mm
Case 3 153mm 52mm 2.4mm
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Table 4. Wire resistance and inductance

Case 1 Case 2 Case 3
Resistance | 135 mQ | 138 mQ | 141 mQ&
Inductance | 0.19 yH | 0.21 uH 0.22 uH

Table 5. Total mass of each case
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Fig. 8. Schematic view of rotor
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Fig. 10. Electric pump rotor schematic view
with supporting bearing and coupling
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Table 6. Bearing and coupling material
properties used numerical analysis

Bearing : GMN KH 6002 C TA

Maximum RPM at oil 92000

Axial rigidity 27x10° N/m

Lateral rigidity 142x10° N/m

Coupling : R+tW BKC-15
Axial spring stiffness
Lateral spring stiffness
Torsional spring stiffness

315x10° N/m
1x10° N/m
1x10® Nm/rad
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Table 7. Simulation critical speed as mode

Mode Critical speed
1 None
1,492.4RPM
55,061RPM
55,861RPM
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