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Noise Reduction Design Study of Cooling Fan Motor for Hydrogen Bus Fuel Cell
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This study focuses on the development and noise reduction of a cooling fan motor for hydrogen fuel cell systems. The initial design
defined the basic specifications and structure of the fan motor, while the reduction of cogging torque and torque ripple, the primary
sources of noise and vibration, was achieved through optimization of the rotor and stator shoe shapes. The rotor design incorporated a
3.75-degree two-step skew and optimized magnet width to minimize eddy current losses and effectively reduce cogging torque.
Additionally, the stator shoe was divided into five design parameters, and a parametric analysis was conducted to minimize flux
density variations, further reducing cogging torque. Experimental results demonstrated that the final model achieved a high efficiency
of over 93% and a low noise level of 67.1 dB, meeting the target specifications. This research provides a noise reduction design
approach for cooling fan motors that enhances the efficiency and durability of hydrogen fuel cell vehicles.
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Fig. 1. Design process of fan motor.
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Fig. 2. (Color online) Magnetic equivalent circuit model for basic design, (a) Analysis model, (b) Magnet equivalent circuit.
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Table 1. Design specification of fan motor. Table II. Initial design model and FEM result.
Target Specification Initial Design Model FEM Result
Power [kW] 30 Power [kW] 30.6
Battery Voltage [V] 720 Rated Torque [Nm] 147.0
Rated Speed [rpm] 2,000 / Rated Speed [rpm] 2,000
Limited Width [mm] 300 e Efficiency [%] 93.7
Limited Length [mm] 200 = Cogging Torque  [Nm] 6.15
Pole / Slot - 16 / 24 — Torque Ripple [Nm]  10.00
Efficiency [%] 93 1 — EMF THD [%] 2.76
Noise [dB] 70 |
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Fig. 4. (Color online) Skewed (3.75 deg) rotor of the initial model.
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Fig. 5. (Color online) Comparison of cogging torque of initial model according to skew.
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Fig. 6. (Color online) Comparison of torque ripple of initial model according to skew.
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Fig. 7. (Color online) Rotor design parameter.
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Fig. 8. (Color online) Cogging torque and torque ripple according to
the magnet width.
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Fig. 10. (Color online) Stator shoe design parameter.
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Table I11. Comparison between the proposed design and existing studies.
Item Existing studies Proposed design
Stator Shoe Shape
xiox
Stepped shape Sloped shape
Continuity of Shape Dis-continuous Continuous
Flux Change Characteristics Rapidly Smoothly
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Fig. 11. (Color online) Correlation with cogging torque and torque ripple.
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Fig. 12. (Color online) Model distribution according to cogging
torque and torque ripple.
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Fig. 13. (Color online) Model distribution according to cogging
torque and efficiency.
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Fig. 14. (Color online) Model distribution according to cogging
torque and THD.
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Fig. 15. (Color online) Comparison of cogging torque between initial and final model.
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Fig. 17. (Color online) Fan motor for performance evaluation.
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Fig. 18. (Color online) Load test equipment (Dynamo System).
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Fig. 19. (Color online) No load back EMF measurement result of the test motor (2,000 rpm), (a) Finite element analysis result, (b) Actual
measurement result.
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Fig. 20. (Color online) Noise test equipment and noise test result, (a) Noise test equipment, (b) Noise test result.
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Table IV. Comparison of final model analysis results and test results.

Item Unit Analysis Experiment

No load EMF [Vrms] 124.9 1224
Power [kW] 32 31.5
Rated Speed [rpm] 2,000 2,000
Torque [Nm] 152.7 150.2
Current [Arms] 91 99

Efficiency [%] 93.7 93.3
Noise [dB] - 67.1
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