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Abstract

Through thermodynamic analysis methods, the working characteristics of micro-
switches are deeply studied. As a crucial electronic component, micro-switches play a
vital role in modern electronic devices. This paper introduces the basic structure and
working principle of micro-switches in detail, and uses thermodynamic analysis
methods to conduct in-depth research on various attributes, contact reliability, and
lifetime of micro-switches. Through simulation and experimental verification, this paper
reveals the intrinsic relationship between the working characteristics of micro-switches
and multiple factors such as material selection, design parameters, and manufacturing
processes, providing theoretical support for the optimized design and performance
improvement of micro-switches.
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1. INTRODUCTION

Micro-switches are devices that can achieve switching functions under tiny vibrations or
displacements[1]. With the advantages of small size, fast response, and high reliability, they are
widely used in electronics, communications, automobiles, and other fields [2]. However, there
are still some issues with the working characteristics and stability of micro-switches. Failures
often occur in micro-switches during actual use, mainly due to increased contact resistance,
severe ablation and carbonization of the contact points between the normally closed terminals
and conductive parts, resulting in temperature rise, accelerated growth of oxide films on the
contact surface, increased film resistance, and more severe heating, thus forming a vicious cycle
that ultimately leads to product failure. Therefore, research on the thermal characteristics of
micro-switches has significant theoretical significance.

Micro-switches are modern electronic components that transmit signals and are widely used
in aviation, aerospace, electronics, and other fields for automatic control. Micro-switches mainly
consist of two parts: a quick-action mechanism and an electrical contact system. During long-
term use, there are two main failure modes: mechanical failure and electrical failure. Mechanical
failure is mainly caused by wear and fatigue of the micro-switch, such as wear and deformation
of contacts, fatigue of springs, etc. These failure mechanisms can be evaluated through
mechanical fatigue durability testing and wear life testing.

Electrical failure is primarily due to corrosion and oxidation of electrical contacts. In micro-
switches, electrical contacts are composed of the contacts and springs (spring sheets) of the
micro-switch. During long-term use, these components are subject to mechanical, electrical, and
chemical factors that can lead to failure. For example, increased contact resistance, temperature
rise around the contacts due to the appearance of arcs; reduced insulation due to repeated arcs
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causing material softening, thickening of adherent substances, and connections between
originally insulated conductive bodies; electrical contact pollution caused by the formation of
thin film layers on metal surfaces, resulting in poor or failed contact between contacts; and
contact migration caused by arcs and currents, which prevent the contacts from separating due
to surface reasons, leading to false actions. In recent years, scholars at home and abroad have
gradually deepened their research on micro-switches, mainly focusing on structural design,
material selection, working characteristic analysis, and manufacturing processes of micro-
switches. Through theoretical analysis and experimental research, they have proposed a series
of effective micro-switch design and optimization methods and achieved certain results in the
application of micro-switches.

R., majoring in Electronic Information Engineering at the American Academy of Aeronautics
and Astronautics AcoutuJr. P.K. Kladitis, et al. conducted research on electrostatic drive and
metal contact characteristic microswitches at the US Air Force Research Center in 2004,
established contact force formulas, and compared experimental data with finite element
simulation results through Coventorware simulation analysis to determine the optimal working
point and achieve optimal contact impedance performance[3]. In 2015, Hamed
Raeisifard,Mansour NikkhahBahrami, A comprehensive model of electrostatically driven micro
switches was proposed by Aghil Yousefi Koma, and they discussed the effects of the length,
thickness, and applied voltage changes of piezoelectric materials on mechanical properties[4].
The conclusion is drawn that the design and control of micro switches adopt three different
methods: softening caused by electrostatic driving, hardening effect of piezoelectric
materials[5], and changing the length and thickness of piezoelectric materials. This article
conducts in-depth research on the thermal performance of micro switches based on thermal
simulation analysis technology, and proposes corresponding optimization measures. These
measures aim to improve the heat dissipation performance of micro switches, reduce their
temperature rise, thereby extending their service life and improving reliability[6].

2. PHYSICAL MODEL AND NUMERICAL SIMULATION METHOD
2.1.Determination of the Physical Model

The physical image of the microswitch is shown in Figure 1 below. The structural diagram of
the microswitch can be broadly divided into the following main parts:Outer Housing: The
outermost layer of the microswitch, used to protect the internal structure and contacts,
preventing external environmental factors from affecting the switch's performance. Actuating
Element: This typically includes a plunger, button, lever, roller, etc., which transmits external
mechanical force to the internal actuating mechanism. Actuating Spring: The core component
of the microswitch, made of elastic material, with a certain displacement threshold. When the
external force reaches this threshold, the actuating spring will rapidly displace, causing the
moving contact to make or break contact with the stationary contact. Moving Contact and
Stationary Contact: The moving contact is located at the end of the actuating spring, while the
stationary contact is fixed inside the switch. The contact and separation between the moving
and stationary contacts enable the switching function of the microswitch. Stopper: Used to
limit the displacement range of the actuating spring, ensuring that the moving and stationary
contacts make or break contact at the correct positions. Terminals: The interface connecting the
microswitch to external circuits, usually classified as normally open, normally closed, or
transfer types. In terms of structure, microswitches can vary in size. The model studied in this
article was created in SolidWorks and imported into ANSYS Workbench. During the modeling
process, one of the components, the spring, had a width of 4.8mm, which was rounded up to
5mm for calculation purposes. Its length was 11.9mm, rounded up to 12mm, and its thickness
was 0.2mm. The key position contact point had a diameter of 2.8mm, and its thickness was
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0.7mm. The physical diagram of the microswitch is shown in Figure 1 below. After
understanding its internal structure, a 3D model of the switch was created in SolidWorks and
imported into ANSYS Workbench. During the modeling process, one of the components, the
spring plate, was simplified with a width of 5mm (rounded up from 4.8mm), a length of 12mm
(rounded up from 11.9mm), and a thickness of 0.2mm. The diameter of the contact point at the
critical position is 2.8mm, and its thickness is 0.7mm.

Figure 1. Internal Structure of the microswitch

2.2.Establishment of the Thermal Simulation Process

ANSYS Workbench is an engineering simulation software based on finite element analysis
(FEA). The main settings are as follows: Workspace: All engineering simulation modules are
located in this area, including geometric modeling, meshing, boundary condition setting,
analysis and solution, etc.; Engineering Model: The model consists of geometry, materials,
boundary conditions, and meshes, which are the basis for simulation analysis; Boundary
Conditions: Various physical field information required for simulation, such as loads,
constraints, etc.; Analysis Settings: Define and control the details of the simulation analysis,
including solver type, convergence criteria, step size, etc.; Results: Based on the analysis results,
visualization, data processing, report generation, etc., can be performed.

The thermal performance analysis of the microswitch using ANSYS Workbench specifically
includes the following steps:

2.2.1 Establish a Thermal-Electric Coupling Analysis Project

Open ANSYS Workbench, where the leftmost column consists of four parts: Analysis Systems,
Component Systems, Custom Systems, and Design Exploration (Design Optimization System).
The Analysis Systems component includes many specialized ANSYS analysis modules, but only
the Thermal-Electric module is used in this paper. Apply this module to the project schematic,
i.e., establish a thermal-electric coupling analysis project, and drag the icon to the blank area of
the project schematic to specifically define different analysis projects.

2.2.2 Establish or Import the Solid Model

In ANSYS finite element calculations, the solid model is a crucial link. Its quality directly
affects whether accurate analysis and solution can be achieved, and a good model is the
prerequisite and guarantee for accurate calculations. ANSYS can not only model through various
functions of the ANSYS platform, but also interact well with other CAD systems to input
established models into ANSYS for analysis. This method can avoid redundant work on existing
CAD models, reduce the difficulty of modeling complex models, improve analysis efficiency, and
effectively shorten the modeling cycle. For this issue, SolidWorks software was used for
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modeling, as shown in Figure 2, and converted into x-t format for input into the ANSYS
Workbench.

Figure 2. 3D Model of the Switch

2.2.3 Set Material Parameters

Double-click Engineering Data in the Thermal-Electric module, click the Engineering Data
Sources on the upper left, find General Materials and click on it. Locate copper alloy in the lower
profile interface, click the plus sign on the right, and set the resistivity of the material at 20° C

and the thermal conductivity of the material as W/(m « ° C).
2.3.Mesh Generation and Determination of Boundary Conditions
2.3.1 Finite Element Mesh Generation

In ANSYS finite element method, the quality of mesh generation is an important influencing
factor. ANSYS provides a powerful meshing tool to set different mesh attributes. This paper
proposes a method combining "decomposition” and "overcoming" to perform different meshing
on various parts of the geometry. For 3D geometric models, ANSYS provides the following five
meshing methods: () Automatic Meshing: It can automatically switch between tetrahedral
(triangular) meshing and sweeping (square) meshing. When the imported model is clicked for
meshing, the Sweep method is first used to mesh the model. When the geometry is regular (such
as rectangles, squares, etc.) and can be swept, hexahedral meshes are generated; otherwise,
when the geometry is irregular (such as complex models with curved surfaces, arcs, rounded
corners, etc.), and cannot be swept, the program will automatically generate tetrahedral meshes.
(2 Tetrahedral Meshing: In this method, triangular elements are used to create the mesh.
Sometimes, you may see prismatic elements along with triangular elements in your mesh
geometry. This method is suitable for relatively complex geometric shapes, such as grooves,
channels, and angled corners. Tetrahedrons can generate more cells than quadratic elements
with equivalent mesh sizes. 3) Sweeping Method: Sweep meshing refers to the process of
meshing one face of a volume (possibly using high-quality quadrilateral elements) and then
"sweeping" through the entire body to create a volumetric mesh. The object must have a
topologically constant cross-section to be swept through. (A circular face sweeps through a
cylinder along its axis.).@ Hexahedral Dominant Method: The goal of hexahedral meshing is to
generate a mesh where hexahedral elements dominate both in number and volume. However,
this method relies on triangle merging techniques that reassemble the initial triangular mesh
into quadrilateral elements. Therefore, using this method does not guarantee that all your
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elements will be hexahedral. You are still likely to observe many triangular or prismatic
elements in the mesh geometry.5) Multi-Zone Method: Multi-Zone can be used when meshing
individual body parts that are too complex for traditional sweeping methods. The MultiZone
meshing method automatically decomposes the geometry into mapped (structured/sweepable)
zones and free (unstructured) zones. It automatically generates pure hexahedral meshes where
possible and fills more difficult-to-capture regions with unstructured meshes. For the
microswitch model in this paper, an automatic meshing method is adopted, and the meshing
result is shown in Figure 3. During meshing, local refinement is needed for the mesh in the
spring position. Right-click on the mesh and select size adjustment, choose the spring for
geometry, and set the element size to 0.5mm.
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Figure 3. Switch Mesh Data Model

2.3.2 Boundary Condition Settings

Add a current of 54, selecting the right surface of the fixed contact on the microswitch. Add a
voltage of 0V, selecting the lower surface of the fixed support plate. The specific operation is:
click on the Environment tab, select Voltage and Current under the Electric section. The current
flow path is shown in Figure 4. Set the surface convective heat transfer coefficient. Since the
switch is in contact with air and not sealed, select all surfaces in the geometry. The specific
operation is: click on the Environment tab, select Convection under the Thermal section; set the
ambient temperature to 20° C, and the convective heat transfer coefficient to 13W/(m2 * ° C).
Set thermal radiation. All objects above absolute zero emit thermal radiation, so the radiation
range should be selected as all surfaces of the object. In reality, the ambient temperature is
usually around 20° C, so the ambient temperature for this analysis is typically set to 20° C. The
specific operation is: click on the Environment tab, select Radiation under the Thermal section,
set the ambient temperature to 20° C, and the emissivity to 0.12.

Figure 4. Current Flow Path
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3. EXPERIMENTAL RESULTS AND ANALYSIS
3.1.Temperature and Heat Flux Analysis

With an ambient temperature setat 20° C, a current of 5A is introduced into the microswitch,
and the convective heat transfer coefficientis 13 W/(m2 «° C).Ifthe material emissivityis 0.12,
the temperature of the microswitch changes to 22.99° C, with a temperature rise of 2.99° C,
as shown in Figure 5. Heat flux, also known as thermal flux, is a directional vector, whose
direction is from high to low temperature along the normal direction of the isothermal surface.
Its magnitude equals the amount of heat flowing in that direction per unit time. In practical
applications, people often use the magnitude and direction of heat flux to characterize the
magnitude and direction of heat transfer. The maximum heat flux appears on the step on the
left side of the frame, as shown in Figure 6.
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Figure 5. Temperature Analysis Result
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Figure 6. Heat Flux Distribution Result

3.2.Impact of Convective Heat Transfer Coefficient on Temperature Rise

With a current of 5A and emissivity values of 0.01, 0.12, and 0.22, the temperature rise was
calculated when the convective heat transfer coefficient (HC) varied from 1 to 25 W/(m2 = °

C). The resulting curve of temperature rise versus convective heat transfer coefficient is shown
in Figure 7.
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Figure 7. Curve of Temperature Rise versus Convective Heat Transfer Coefficient

According to the figure, €=0.01h, AT=33.903hc'°'943; €=0.12, AT=20.663hc_°'664; €=0.22,
AT=15.327hc™%*?° . The research results indicate: (D The temperature decreases with the
increase of the convective heat transfer coefficient; @ As the emissivity increases, the
temperature rise decreases exponentially, and the rate of decrease decreases with the increase
of the radiation rate (R2=0.9888); the exponent B decays exponentially with the increase of HC
(R2=0.9924); (3 The relationship between the temperature rise and the convective heat
transfer coefficient and emissivity is expressed by [formula]. When the convective heat transfer
coefficient increases to 10W/(m2 * ° C), the temperature rise has already decreased to a
minimum of 3-4° C. The impact of emissivity becomes very weak.

4. CONCLUSION

This paper conducts an in-depth study of the failure mechanism of microswitches and
simulates and analyzes the temperature and heat distribution during their operation. The
thermal effects of a 5A current on a microswitch were simulated under a 20° C environment.
The simulation results show that under the given conditions, the microswitch experiences a
temperature rise of 2.99° C to 22.99° C. Analysis reveals that increasing the convective heat
transfer coefficient can effectively reduce the temperature rise, while increasing the emissivity
can also reduce the temperature rise but with diminishing effects. Specifically, when the
convective heat transfer coefficient reaches 10 W/(m2 « ° C), the temperature rise decreases
significantly to 3-4° C, and the impact of emissivity becomes negligible. These findings provide
important insights for optimizing the thermal performance of microswitches, contributing to
enhancing the reliability and performance of the products.
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