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A case study in the dynamic characteristic of a test rig for a high-speed motor
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ABSTRACT

In this paper, vibration sources of the BLDC motor are identified and the motor vibrations are reduced by
structural modification. For vibration characteristic identification, vibration signals measured by an accelerometer
when the BLDC motor is moving. These signals are presented in a waterfall plot in order to find the dependency of
frequency components on the motor speed. It is found that main vibration source is BLDC motor test rig. From finite
element analyses and some experiments, it is also found that resonances occur because the natural frequencies of
the test rig exist in usual driving speed rang. To shift the natural frequencies outside the driving rang, the test rig is
modified increase stiffness. It is verified that considerable amount of vibration are reduced by the structural
modification.
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Fig.1 Experimental setup for signal analyses
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Fig.2 cascade plot for BLDC Motor

Fig.3 Frequency response function of the Test rig&
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Tablel. comparison of the frequencies between the

cascade plot and FRF unit © Hz
1st mode 2nd mode 3rd mode
Cascade 144 1000 2444
FRF 140 1089 2449
Deference (%) 2.7 89 0.2
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Fig. 4 Finite element model of the BLDC
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Fig. 5 Mode Shape of the BLDC motor (a) Simulation
result (b)(c) Experimental result
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Fig. 6 Structure modification
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Fig. 7 Result of test rig modification
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Fig. 8 New model of the BLDC motor test rig
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Fig.10 Boundary condition of new motor rig

Table2, Material properties

Material| Component |Elastic Modulus Density

S§S400 | Bed, Flange 200 GPa 7850 kg/m®
GC250 Jig 110 GPa 7200 kg/m®
AL6061 Motor 71 GPa 2770 kg/m®
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Fig.12 Cascade plot for vibration of the modlfred
test rig
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