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Abstract: The paper presents concepts related to analysis of mechanical vibrations of a squirrel-cage induction motor. It describes an 
experimental approach using piezoelectric accelerometer and analog/digital data acquisition tools. The influence of powering the motor with 
an inverter on vibration harmonic content is presented and different PWM switching frequencies are compared to regular line supply. 
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1. Introduction 
Electrical machines are a vital component of almost every 

industry and induction motors in particular are the most widely 
employed machines. The vibrations occurring in electrical motors 
can generally be divided into those of mechanical and 
electromagnetic origin. Vibration analysis is a common approach 
employed in online motor diagnostics. Both mechanical and 
electrical faults may show evidence at a wide range of 
frequencies[1,4]. While such identification approaches are perfectly 
valid for electric motors supplied from a balanced grid, it is more 
difficult in the case of inverter-powered motors. Inverters introduce 
a significant amount of vibrations at a wide range of frequencies 
making it more difficult to distinguish harmonics caused by 
potential faults. Switching frequency of the inverter plays a major 
role in creation of both mechanical and acoustic vibrations. On the 
other hand vibration measurement can also be useful in detecting 
inverter faults [1]. The paper presents an approach to identify and 
analyze vibrations caused by inverter operation at different 
switching frequencies. Proper detection of vibrations may be used 
to fine-tune inverter settings to minimize audible noise, mechanical 
vibrations and to reduce its influence on the detection of vibration-
causing faults.  

2. Experimental Setup 
Measurement stand used to conduct described experiments 

consists of: 

• 3-phase, 0.55kW induction motor 

• 3G3MV inverter 

• IMI603C01 piezoelectric accelerometer 

• NI9234 4-channel data acquisition card coupled with 
NI cDAQ-9174 measurement system 

• PC equipped with diagnostic and measurement 
software designed in LabVIEW 

Schematic diagram of used measurement set is shown in fig. 1. 
The laboratory setup is depicted on fig. 2. 

 
Fig. 1. Schematic diagram of the measurement set. 
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• Maximum sampling frequency per channel: 51.2kS/s 

• Input voltage: ±5V 

• 24-bit resolution 

• Dynamic range: 102dB 

Both the card and the sensor were configured using in-house 
software designed using LabVIEW environment. The software used 
to acquire, analyze and graphically present the accelerometer data is 
conceptually based on NI’s Sound&Vibration example. Fig. 3 
shows the main panel of the program. The software allows heavily 
customizable graphical representation of time-domain waveforms as 
well as FFT and STFT results. 

Fig. 3. The main panel of the program. 
 

The analog input of the data acquisition card requires prior 
configuration in order to be used with IEPE accelerometers. Fig. 4 
presents the configuration window which is used to set required 
parameters regarding IEPE excitation. 

 
Fig. 4. Configuration window. 

 

3. Results and Analysis 
Vibration samples were recorded for a healthy motor, under no-

load condition, fed first from the grid and then from the inverter. It 
is important to note that experimental tests measure vibrations of 
both mechanical and electromagnetic origin. First, the acquired data 
is analyzed in frequency domain to identify sources and magnitudes 

of frequency components and then in time domain to evaluate 
vibration consistency.  

The inverter-fed motor tests were conducted for switching 
frequencies of 1.2kHz, 5kHz and 10kHz. Phase current was 
measured for every case in order to correlate vibrations with 
current’s harmonic content. 

Fig. 5 presents registered phase current of the grid-powered 
motor. As expected, it is not a perfect sine due to slight imbalance 
of the grid and possible asymmetry of the motor. The result of FFT 
analysis of mechanical vibrations is shown in fig. 6. Fig. 7 presents 
0-2kHz subset of said analysis. Under such conditions vibrations of 
up to 0.3m/s2 RMS are present.  

 

The strongest vibrations occur at 100Hz, 300Hz, 1100Hz, 
1200Hz, and 1750Hz. The 3600Hz vibration is the last significant 
vibration.  

The 1200Hz signal is not continuous and peaks roughly every 
0.04 seconds as can be seen in fig. 8. 

 

 
Fig. 5. Phase current of the motor supplied from the grid. 
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Fig. 6. Frequency spectrum of the vibrations of grid-powered motor. 

 

 
Fig. 7. 0-2kHz subset of vibration frequency spectrum. 

 

 
Fig.8. STFT spectrogram of grid-powered motor vibrations. 

 

The situation changes significantly when the motor is fed from 
the inverter. Supplied phase current is presented in fig. 9. 
Measurement results recorded at 10kHz switching frequency are 
shown in fig.10.  

 

Lower frequency components are diminished with 1200Hz 
component’s RMS at 0.1m/s2 and 1750Hz at 0.16m/s2. 3600Hz 
vibration remains the same. However, PWM’s switching frequency 
introduces substantial vibration at 10kHz. The RMS value of this 
signal reaches 1m/s2, which is more than 3 times that of the most 
significant vibration when supplied from the grid. 

The results obtained at 5kHz switching frequency are shown in 
fig. 11. As can be seen PWM-related vibration near 5kHz reaches 
the RMS value of 0.8m/s2. The 2nd harmonic of the switching 
frequency is also present at 0.37m/s2. Lower frequency components 
remain unchanged. 

The last measurements were taken at 1.2kHz switching 
frequency. Significant audible vibrations are produced, which are 
presented in fig. 12. The 1200Hz component’s RMS value is over 
3.25m/s2. The phase current at this frequency is significantly 
distorted as can be seen in fig. 13. Higher harmonics of the 
switching frequency are also present. 

Fig. 9. Phase current at 10kHz switching frequency 
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Fig. 10. Frequency spectrum of motor’s vibrations when supplied from the inverter at 10kHz switching frequency. 

 
Fig. 11. Frequency spectrum of motor’s vibrations when supplied from the inverter at 5kHz switching frequency. 

 
Fig. 12. Frequency spectrum of motor’s vibrations when supplied from the inverter at 1.2kHz switching frequency. 

 

 
Fig. 13. Phase current at 1.2kHz switching frequency. 

4. Conclusion 
The paper presents a procedure that can be used to measure 

mechanical vibrations of electrical machines. One of the problems 
introduced by inverters is a sizeable motor vibration especially 
around PWM switching frequency. One of the other sources of 
vibration is a resonance effect on the motor operating at certain 
speeds [1]. Another problem with inverter operated motors is 
eventual bearing damage, caused by shaft currents, which, over 
time, leads to additional vibrations or failure. Under some 
circumstances, such as large distance between the inverter and the 

motor, lower switching frequencies are desirable but it is important 
to note the amount of vibrations and audible noise they cause[2]. In 
order to reduce audible noise it would be appropriate to raise the 
switching frequency above 15kHz. However, besides possible 
performance limitations, high switching frequencies cause transient 
overvoltages due to short rise times required which degrade the 
insulation [3]. 
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