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Abstract

Normal-stressed Electromagnetic Linear Actuator (NELA) is a new type of linear actuator that uses
magnetic resistance to achieve precision micro-displacement with high reliability, high efficiency,
and high response speed. This paper proposes an optimal design method for radially biased NELA,
using the Maxwell stress tensor T integrated around the armature surface S to establish the axial
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electromagnetic force mathematical model of radially biased NELA, taking the axial electromagnetic
force of the actuator as the objective function, the actuator’s structural and electromagnetic parame-
ters as the design variables, and the dimensions of the actuator winding window and the saturated flux
limitation of the stator cross-section as the constraints. An optimization design model is established
and solved using the fmincon function, achieving a configuration design under specific dimensions for
the radially biased NELA to realize maximum axial electromagnetic force, increasing the actuator’s
maximum axial electromagnetic force from 700 N to 1000 N after optimization. Additionally, the three-
dimensional electromagnetic field finite element simulation analysis of the actuator under the config-
uration design is carried out by using Ansoft Maxwell software to obtain the internal magnetic flux dis-
tribution and the linear relationship between the axial load carrying capacity and the current and the
axial displacement of the actuator. The simulation results show that the axial electromagnetic force of
the actuator is approximately linear with the axial position of its actuator within a travel of +1 mm, and
its maximum axial electromagnetic can reach 1000 N.
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Figure 1. Four configurations of normal stress electromagnetic actuators: (a) Horseshoe; (b) Axially-biased; (c) Tubular linear;
(d) Radially-biased
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Figure 2. Schematic of NELA structure (radially-biased)
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Figure 3. Cross-sectional magnetoresistance model: (a) Bias flux path; (b) Coil excitation flux path
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Figure 4. Flux distribution on the upper and lower surfaces of the actuator armature
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Figure 6. Internal flux of NELA: (a) Excitation flux of permanent magnet; (b) Overall flux of stator and permanent magnet
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Figure 7. NELA axial electromagnetism characteristics: (a) Excitation current determination, variation of axial electromag-
netism with the axial position of the actuator; (b) Axial displacement determination, variation of axial electromagnetic force
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