Electro-thermal Modeling for Enhanced
Performance of BLDC Motors

What isa Brushless DC Motor?

Brushless DC electric motors (BLDC motors, BL motors) (Figure 1), also known as electronically
commutated motors (ECMs, EC motors), are synchronous motors powered by a DC electric source via an
integrated inverter/switching power supply, producing an AC electric signal for motor operation. Efficiency
is a key feature due to the rotor's magnet-bearing design, eliminating the need for commutators and brushes.
Sensors and electronics control the inverter output for amplitude, waveform, and frequency regulation,
ensuring optimal performance and efficiency.

Figure 1 - BLDC motor

Brushless DC motors (BLDC) find extensive applications across diverse industries including industrial
control, automotive, aviation, automation systems, healthcare equipment, and more. Specific applications
include:

1. Computer hard drives and DVD/CD players
2. Electric vehicles, hybrid vehicles, and electric bicycles

3. Industrial robots, CNC machine tools, and belt-driven systems



4. Washing machines, compressors, and dryers

5. Fans, pumps, and blowers.

CAD Mod€

The considered motor features an 8-magnet rotor and a 12-coil stator (Figure 2). Magnetic forces generated
by the excitation coils and permanent magnets drive the rotor's rotation. Through EMS, users can conduct
multiple studies to modify materials, turn numbers, current flow, and part geometry. EMS enables
associating each study with a design table, streamlining parameter optimization for enhanced motor
performance.
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Figure 2 - 3D model of BLDC

The Magnetostatic module of EMS calculates and visualizes magnetic flux and intensity in the motor, along
with coil inductance and electromagnetic force on the rotor. Following the creation of a Magnetostatic study,
key steps include material assignment, boundary condition application, meshing, and solver execution.
Additionally, coupling Magnetostatic analysis with thermal simulation provides insights into motor thermal

behavior.

Materials

In the Magnetostatic analysis conducted with EMS, the essential material properties required are outlined in
Table 1. Additionally, Figure 4 depicts the B-H curve of the utilized steel.

Components/
Bodies

Rotor
Outer Air
Inner Air

Coils

Stator

Material perRriI:;L\?ﬁty Con(dslljr(;\:)ivity
AlS! 1010 Stedl Nonlinear 6.96+006
Air 1 0
Air 1 0
Copper 0.99991 57e+006
AlS! 1010 Stedl Nonlinear 6.96+006

Thermal
conductivity
(W/m*Kk)
65.2
0.024
0.024
401

65.2



Permanent

S2818 1.0388 0 69
magnets

Table 1 - Table of materials

Figure 3 - Permanent magnets of the rotor: Coercivity: 819647 A/m, Remanence: 1.07 T
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Figure4 - AIS 1010 Steel BH Curve
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In this study, 8 coils (Table 2) are applied, and the rotor (Table 3) is where we need to calculate the virtual
work.
Name Number of turns Current excitation

Wound Cail (1-8) 200 1A

Table 2 - coilsinformation

Name Torque Center Components/ Bodies

Virtual Work At Origin Rotor and Permanent Magnets



Table 3 - Force and Torque information.

Meshing

Meshing isacritical phasein design analysis, where EM S cal cul ates an optimal element size based on factors
like volume, surface area, and geometric intricacies. The resulting mesh size (nodes and elements) is
influenced by the model's geometry, dimensions, element size, tolerance, and mesh control settings. During
initial design stages, a larger element size can expedite solutions, while finer meshes may be necessary for
precision. Mesh quality is enhanced through Mesh Control (Table 4), which fine-tunes solid bodies and
faces. Figure 6 illustrates the meshed model post-Mesh Controls application.

Name Mesh size Components/Bodies
Mesh control 1 1.200 mm Coils

Mesh control 2 7.000 mm Rotor

Mesh control 3 1.000 mm Magnets

Mesh control 4 5.000 mm Stator

Mesh control 5 0.6699000 mm Inner air

Table 4 - Mesh control
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Figure 4 - Meshed model

Results

Following simulation completion, the Magnetostatic Module coupled with the thermal solver yields
comprehensive results, including Magnetic Flux Density (Figures 5 and 6), Magnetic Field Intensity (Figure
7), Force density (Figure 8), Temperature Distribution (Figure 9), and a results table detailing computed
model parameters, force, and torque (Figure 10).

Figure 5 - Magnetic Flux Density, fringe plot

Figure 6 - Magnetic Flux density, vector plot



Figure 7 - Magnetic Field Intensity, fringe plot
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Figure 8 - Force density in the magnets and rotor

IT-‘?:;.‘-.--.'-FI': =4+ 00E
..1 TOTTANS T 4008
341801007008
03B Z3262e 4008
2008 FEGe 008
2. 27E6TE01e+00B
1.A9EE97 50+ 008
1.5191 19204008
1.130340E5=+00E
T.095024%e +007
A.TOTEA 40e+007

5. 78RE3R0=+002



Medal Nema: Brushlazs DO Meder
Soudy M- Brusidezs DC Mogar
Plod memur: Trmgparebure - &

Wlobal Bange. 10907 1539 +000 To £ 06R2485T0+007

Temgrarafire
(Eeivan)

406024652 £ 002
. 2.997898 14 + 002
302654977+ 002
385520139 4+ 002
3.78385301e + 002
371250463 + 002
3641156202 + 002
3.56980788e + 002
349845950 + 002
342711112e 4002
3.35576275: + 002

3.28441437e + 002

Figure 9- Temperature distribution in the motor with inner air
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Figure 10 - Resultstable

Conclusion

The application note details the principles and applications of Brushless DC (BLDC) motors, emphasizing
their efficiency, reliability, and broad application spectrum. BLDC motors, free from brushes and
commutators, leverage magnet-bearing rotors and sophisticated electronics for performance optimization.
These motors find extensive use in various sectors, including automotive, industrial automation, healthcare,
and consumer electronics, due to their efficiency and durability. The study conducted using EM S focuses on
aBLDC motor featuring an 8-magnet rotor and a 12-coil stator, exploring magnetic flux, coil inductance, and
el ectromagnetic force to enhance motor performance. Key steps in the Magnetostatic analysis—material
assignment, boundary condition application, meshing, and solver execution—are meticulously outlined.
Coupling Magnetostatic with thermal simulation provides additional insights into motor operation,
particularly thermal behavior. The comprehensive simulation results, including magnetic flux density, field
intensity, force density, and temperature distribution, underscore the potential of BLDC motors to achieve
high efficiency and performance across a wide range of applications.
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