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Fig. 1. Schematic diagram of sectional structure of three-

phase asynchronous electromagnetic coil launcher.
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Fig. 2. Structural response characteristics and physical photos of integrated drive structures.
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Fig. 3. Propulsion performance of integrated drive struc-

ture.
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Table 1. Drive structure dimensions and material
performance parameters.
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Fig. 4. Simulation results of stress and strain of integrated
drive structure: (a) Equivalent (Von-mises) stress; (b) equi-

valent elastic strain.
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Fig. 5. Deformation of integrated drive structure: (a) Radial

deformation; (b) axial deformation; (c) total deformation.
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Fig. 6. Schematic diagram of withstand voltage discharge

testing system.
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Fig. 7. Physical diagram of withstand voltage discharge testing system.
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Fig. 8. Irregular discharge current waveform.
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Fig. 9. Schematic diagram of the new drive structure.
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Fig. 10. Propulsion performance of the new drive structure.
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Fig. 11. Stress and strain results of the new drive structure: (a) Equivalent strain of partition ; (b) equivalent stress of partition;

(c) equivalent strain of inner wall; (d) equivalent stress of inner wall.
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Fig. 12. Deformation of the new drive structure: (a) Radial deformation of partition; (b) axial deformation of partition; (c) radial

deformation of innerwall; (d) axial deformation of innerwall.
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Analysis of structural response characteristics of a
bidirectional separated electromagnetic
coil drive device”
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Abstract

In order to alleviate the common problems of skeleton fracture and failure in traditional propulsion
systems, the insulation degradation and structural instability existing in integrated drive structures during
operation are investigated in this work. By using stress-strain calculations of a typical integrated drive structure
and voltage-withstanding discharge tests after acceleration experiments, key factors are identified, and it is
believed that the tensile stress inside the driving structure is one of the reasons for structural instability. Owing
to the electromagnetic force acting on the coil, the integrated driving structure exhibits high tensile stress and
strain on the inner wall and interphase partition, accompanied by significant deformation, which is not
conducive to the overall structural stability. Based on the above calculation results, a novel modular drive
structure with bidirectional separation is proposed, which can realize the radial separation between the phase
partition and the skeleton inner cylinder, as well as axial separation between different driving coils. Finite
element simulation analysis is conducted to evaluate its acceleration performance and structural response during
operation. The results indicate that under the same excitation conditions, the new driving structure greatly
reduces the interaction between the coil and the inner wall during operation, so the stress-strain on the inner
wall of the new driving structure is much smaller than that of the integrated structure. The maximum
deformation decreases from approximately 102 m in the integrated structure to about 10® m to 10% m in the
new design. These findings emphasize the potential of new structure to improve reliability while ensuring
propulsion performance, providing valuable insights for optimizing electromagnetic coil drive structures. For this
new structure, there will be plans to conduct high-pressure propulsion experiments in the future to verify its

reliability.
Keywords: electromagnetic propulsion, coil propulsion, structural response, finite element analysis
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