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With the increasing use of portable devices, the safety and efficiency of wireless chargers have become significant
concemns. Wireless chargers can cause battery damage, deformation, and failure of the charging module due to the high
temperatures generated during the charging process. Thus, the importance of thermal management has been increasingly
emphasized. In this study, we experimentally confirmed that cooling performance was improved by applying phase change
material (PCM) to the heat-generating parts of the wireless charger. The cooling performance of the PCM was analyzed
using Ansys Fluent, the component temperature was measured with an infrared camera, and 3D thermal deformation was
measured with a DIC measurement device. Electromagnetic field, thermal, fluid, and structural coupled analyses were
performed to investigate the impact of thermal deformation caused by wireless charging. The results showed that the
temperature and deformation error was within 3% of the coupled analysis results, and the proposed electromagnetic-
thermal-fluid-structural coupled analysis enabled more accurate simulation prediction of the physical coupling process inside
the wireless charger.
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NOMENCLATURE AH,, = Specific enthalpy of fusion [J/g]
dt/dx = Temperature gradient [K/m]

A = Heat transfer area [m’] E = Electric field strength [V/m]
A = Magnetic vector potential [Tm] H = Magnetic field intensity [AT/m]
am = Degree of melting [-] J = Current density [A/m’]
o = Coefficient of thermal expansion [m/m°C] k = Thermal conductivity of the material [W/(m-K)]
B = Magnetic flux density [A/m’] L¢ = Latent heat coefficient [J/g]
D = Electric displacement [C] 1 = Initial length [mm)]
dT = Temperature change [°C] m = Mass of the material [g]
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Fig. 4 Assembly of wireless charger

Table 1 Material properties of FE simulation

. Plastic
Material ABS Copper  FR4 Steel
Density [kg/m’] 1,050 8978 1,900  8.030

Specific heat [J/(kgK)] 1,150 381 1,150 502

Thermal conductivity
[W/(mK)]

Coefficient of thermal
expansion [1/°C]

0.21 387.6 0.81 16.3

1.84e-4 - 1.5e-5 -

Young’s modulus [MPa] 1,628 1.let5 24,600  2.0et+5
Poisson’s ratio 0.408 0.34 0.136 0.3
Table 2 Material properties of PCM
Material PCM
Viscosity [kg/(ms)] 0.001
Pure solvent melting heat [J/kg] 168,000
Solidus temperature [K] 311
Liquidus temperature [K] 316
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Parameter Max. Deviation from the
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Table 4 Comparison result of measure temperature experiment and

analysis
Position Coil max. PCB max.
temperature [°C] temperature [°C]
Measurement 31.9 32.1
Analysis 325 331
Wireless
charger i Smart phone

Camera

Visualization
(GOM ARAMIS)

setup wireless charger using DIC

Fig. 11 3D displacement of 3D deformation measurement setup
wireless charger using DIC
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Fig. 12 Comparison of measurement and analysis deformation
distributions
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