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Design and analysis of micro inertial switch with magnetic latch and

adjustable threshold

WANG Xinyue, LI Yanjun, QU Mingshan, XIONG Zhuang
(Institute of Electronic Engineering, China Academy of Engineering Physics, Mianyang Sichuan 621999, China)

Abstract: A low—g-value magnetic self-locking Micro—Electro—Mechanical Systems(MEMS)
inertial switch with a threshold of 5g, featuring adjustable threshold and self-recovery capabilities, has
been designed. The inertia sensitive unit of this inertial switch consists of a square mass block, a square
chesshoard—shaped magnet fixed beneath the mass block, and four square Archimedean spiral beams
supporting it. The magnet, along with four ferromagnetic fixed electrodes located beneath the moving
electrodes and a double-layer planar coil, jointly achieve the functions of magnetic self-locking and
threshold adjustment. Simulation analysis is conducted using the finite element simulation software
ANSYS. The prototype is manufactured by using laser processing and PCB technology, and the
performance of the sample is tested by using a centrifuge. The test results show that the fabricated MEMS
inertial switch has a threshold acceleration of 5.27g in the vertical sensitive direction. By applying a
current in the range of —=0.5 to 0.5 A, the threshold adjustment range is from 6g to 3.75g. The resulis
indicate that this structure can achieve the locking function while enabling self-recovery without
external force and allowing threshold adjustment within a certain range.

Keywords: Micro—Electro Mechanical System inertial switch; low—g switch; adjustable threshold;

electromagnetic actuator
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Tablel Main structural parameters and specifications of the MEMS inertial switch device

component material structural parameter value/ mm
length 25.00
switch / width 18.00
thickness 2.00
thickness 0.20
spring Mo interval 0.40
mass length 10.00
permanent magnet NdFeB44UH side length (one side) 1.80
fixed electrodes Ni length 1.80
coils Cu width 0.05
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Fig.1 Schematic diagram of micro inertial switch with magnetic latch and adjustable threshold
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Fig.2 The force analysis of mass block of various positions
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Fig.3 Static analysis of the switch when subjected to 1 mN force
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Fig.4 ANSYS modal analysis of low—g inertial switch spring
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Fig.6 Calculated electromagnetic force with different applied currents
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Fig.8 Photos of MEMS inertial switch components
P48 MEMS {5 PETF A4 MR S e

BT T &
s 1

_‘.\_Ai“t:;‘l“:‘ 3B - . ESURERT SN s T o, _
(a) photo of ‘on-state’ (b) photo of ‘off-state’
Fig.9 Photos of MEMS switch in on-state and off-state
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Fig.10 Schematic view of centrifugal experiment setup and experiment result
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