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Magnetic analysis of a finite solenoid
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Abstract In this paper, the theoretical analysis for a solenoid with a finite length was verified by the finite element
simulation. The solenoids are widely being used in the field of mechanical, industrial, medical industry due to their
simple structure and fast responses. Solenoid actuators use an electromagnetic force. A magnetic field is formed
around the solenoid coil when a current is applied. The magnetic force generated by the magnetic field enables an
inside plunger to move linearly. The axial and radial magnetic fields (magnetic flux density, B) at a certain point
were calculated from the Biot-Savart's law and compared with the simulation analysis from the ANSYS-Magnetostatic
S/W. Comparison result, an error exists in the error range, and could therefore verify the accuracy.
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Fig. 1. (a) schematic diagram of the solenoid and (b)
coil cross section
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2.2 Analysis and Numerical result
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Fig. 2. Magnetic flux density at point P
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Fig. 3. Axial magnetic flux density. (a) theoretical
result (b) finite element analysis result

Table 1. Comparison between the theoretical and simulation results

Bz_Cal [mT] Bz_Ansys [mT] Error [%] Bz_Cal [mT] Bz_Ansys [mT] Error [%]

0.7815 0.68844 13.52 1.540144 1.5497 0.62
0.941519 0.99719 5.58 1.539693 1.5593 1.26
1.083238 1.1875 8.78 1.538926 1.5539 0.96
1.197228 1.2836 6.73 1.537818 1.5463 0.55
1.283563 1.3636 5.87 1.53633 1.5532 1.09
1.347129 1.4112 4.54 1.534413 1.5615 1.73
1.393612 1.4539 4.15 1.531997 1.5562 1.56
1.42781 1.4822 3.67 1.528982 1.5476 1.20
1.453278 1.5028 3.30 1.525252 1.5438 1.20
1.472515 1.5061 223 1.520633 1.533 0.81
1.48726 1.5016 0.95 1.514891 1.5292 0.94
1.49872 1.5105 0.78 1.507732 1.5303 1.47
1.507732 1.528 1.33 1.498724 1.5227 1.57
1.514891 1.5221 0.47 1.487256 1.5104 1.53
1.520633 1.5238 0.21 1.472515 1.4917 1.29
1.525252 1.5125 0.84 1.453286 1.4848 2.12
1.528982 1.5124 1.10 1.427799 1.4718 2.99
1.531997 1.5191 0.85 1.393612 1.4563 4.30
1.534413 1.5218 0.83 1.347148 1.4242 5.41
1.53633 1.5349 0.09 1.283536 1.3825 7.16
1.537818 1.5467 0.57 1.197228 1.3251 9.65
1.538926 1.5675 1.82 1.083284 1.1914 9.07
1.539693 1.5709 1.99 0.941458 0.99863 5.73
1.540144 1.5669 1.71 0.7815 0.73348 0.55
1.540293 1.5561 1.02
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Fig. 5. Line graph of the radial magnetic flux density
along the diameter.
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