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The multi-layer solenoid coil is one of the most important design component for efficient electro-mechanical energy conversion in
electrical machines such as generators, motors and transformers. When the voltage and current are applied across the coil, a uniform
magnetic field is generated inside the coil and that is proportional to the number of coil windings, and the high-density magnetic field
generated by the coil can be converted to mechanical energy by applying the strong electromagnetic force to a ferromagnetic material.
At this time, the interaction between the current and magnetic field of the solenoid coil generates a strong electromagnetic expansive
force between each coil wire. In this paper, we proposed both the method and formula to calculate the electromagnetic expansion force
acting on the multi-winding layer solenoid coil by using the energy transfer equation. When the current flows a solenoid coil, the
expansion force is generated in the radial direction of the coil. The mathematical calculation results were verified by simulated ones.
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Fig. 1. (Color online) The shape parameter of multi-layer solenoid
coil.
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Fig. 2. (Color online) Models for the multi-layer solenoid coil and assembly. (a) the multi-layer solenoid coil. (b) Coil assembly with cover and

bobbin.

Table 1. Design Specification of the multi-layer coil.

Value
Coil length (/) [mm] 110
Coil thickness (d) [mm)] 29.5
Inner coil radius () [mm] 144.35
Outer coil radius (r;) [mm] 173.85
Median coil radius (r) [mm] 159.1
Wire width (a) [mm] 2.60
Cross-sectional area of the coil cover [m?] 0.132
The number of layers [Layer] 5
The number of turns per layer [Turn/Layer] 17
Total number of turns [Turn] 85
Coil Resistance [Q] 0.0593
Coil Inductance [mH] 2.38
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Fig. 3. (Color online) Energy transfer flow in solenoid coil.
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