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Abstract : Micro electromagnetic spring-applied brakes may experience thermal expansion caused by coil
heating and mechanical deformation induced by contact between components during repetitive operation, and
such thermo-mechanical effects can lead to variations in the air gap, thereby affecting braking performance. In
this study, a thermo-mechanically coupled finite element analysis was conducted to evaluate air gap variations
under repetitive On/Off operating conditions for a 0.7 N'm-class micro electromagnetic spring-applied brake
intended for electric vehicle electronic components. Under the temperature rise limit condition of 1057, no
deformation leading to air gap variation was observed after 3,300 operating cycles, confirming that air gap
stability was maintained. In contrast, under the maximum allowable temperature condition of 155, repeated
contact between the core and the armature accumulated, resulting in an air gap increase of 19.02 4 m, which
corresponds to an increase of approximately 2.72% relative to the designed air gap. Based on the results of
the thermo-mechanically coupled analysis, air gap stability was evaluated, and an analytical method was
proposed to quantitatively assess air gap stability under repetitive operating conditions with temperature rise.
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Element Analysis
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Fig. 1 Schematic diagram of a micro electromagnetic

spring-applied brake

Table 1 Duty cycle conditions for transient thermo

-mechanical analysis

Case CU}I/; Le On-du}ration Off-dqration On-duration
(min) (min) (min) ratio (%)
A 10 1 9 10
B 9 1 90
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Fig. 2 Modeling of the spring-armature contact force

and the air gap location

B: Transient Structural
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Type: Total Deformation P
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Time 135e1006 5 4.6 pm (region: 29 mm?)
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4.5 pm (region: 36 mm?)
Fig. 3 Local deformation of the armature caused by

spring loading after 3,300 cycles
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coil overheating conditions
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