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Abstract With the increasing use of portable electronic devices, wireless charging technology has gained
importance. Wireless chargers for smartphones are prone to heat deformation and thermal failure. A
highly effective cooling system becomes essential because this is aggravated by a higher charging speed
and capacity. Previous research showed that the actual thermal deformation behavior of the PCB
(Printed Circuit Board) could be predicted accurately by finite element analysis. In this parametric study,
the cooling efficiency should be improved by optimizing the cooling hole position of the outer case. The
design goal is a case shape that generates minimal heat in the area in contact with the smartphone.
Thermal flow analysis was performed using Ansys Discovery to evaluate the optimal location of the
cooling hole. The temperature was minimum when the holes were located on both sides of the upper
part. The topology was optimized based on the hole location, and the maximum hole size was
determined through optimization. A sample case with the optimized shape was made by 3D printing, and
the temperature distribution was measured using a TIC (Thermal Imaging Camera). Good agreement was
found between the TIC measurements and FE results.
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Fig. 1. A commercial sample of wireless charger
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Fig. 2. The wireless charging module used in the study
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Fig. 3. Temperature distribution of wireless charging
module measured by a thermal image camera
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Table 1. Specification of wireless charger

Rated input Rated output Coil size

5~12V/2A (MAX) 15 W (MAX) Diameter 43 mm

Table 2. Thermal imaging camera used in the study

Nec Corporation/H2630
640 x 480 pixels

Manufacturer/model name

Number of pixels

0.03°C
-40 ~ 500 °C

Minimum sensing temperature

Temperature measurement range
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Fig. 4. Case naming based on the location of the
cooling holes on the wireless charger case
(a) Case top (b) Case bottom

Fig. 5. 3D modeling used in analysis
(a) Air flow box modeling
(b) Wireless charger module modeling
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Fig. 6. Flow chart of study progress
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Table 3. Mechanical properties of module

: Free slip
oo Inlet
[J: Outlet

: No slip

Density Poisi‘on’s coizilrgility Specific heat ~ Fig. 7. Boundary conditions in modeling
ratio
[kg/mg] . (Wm. K kJ/kg- O (a) Inlet / Outlet / Wall (b) Temperature
Aluﬁg;um 2.710 0.33 155 0.9 Table 4. Mesh setting of FEA modeling
PCB Minimum size 0.1lmm
laminate, 1,900 0.14 0.38 1.1 Maximum face size 5.3mm
FR4 . .
Maximum size 5.3mm
Plastic, ABS 1,050 0.41 0.23 1.4 Growth rate 1.2
Magr?et, £800 0.25 A2 Lo curvature normal angle 15°
Ferrite
Copper 8,940 0.35 397 0.4
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Fig. 8. Mesh of FEA modeling
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Fig. 9. Air flow velocity distribution as viewed from
the y-direction

Table 5. Temperature at the contact surface

Point[-] Temperature[°C]
Case.1 | Case.2 | Case.3 | Case.4 | Case.5 | Case.6
Maimum 1 366 | 369 | 369 | 368 | 37.6 | 37.6
temperature
A 36.9 | 36.9 | 369 | 36.8 | 37.5 | 375
B 36.1 | 36.1 | 36.1 | 35.8 | 36.6 | 365
C 359 | 36.0 | 36.0 | 35.7 | 36.5 | 365
D 36.2 | 36.2 | 362 | 359 | 36.7 | 36.7
E 36.1 | 36.1 | 36.1 | 35.7 | 36.6 | 30.7

Temperature[*C]

397 367 347 287 257 227
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Fig. 10. Temperature distribution of the wireless charger
case when charging a smartphone for 120 s
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Fig. 11. 3D printed model of the outer case
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