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Abstract: In very low power drives, a single-phase induction motor is used. This motor, like 
the 3-phase induction squirrel-cage motor, requires a voltage supply with suitable parameters 
– of suitable quality, in practice. In energy systems, voltage quality distortions may occur in 
connection with the deviation of the RMS voltage and the occurrence of harmonics, 
subharmonics and interharmonics in its waveforms. Subharmonics and interharmonics in the 
voltage waveforms are particularly detrimental to induction motors. They cause, for example, 
additional power losses, electromagnetic torque pulsation and motor vibrations. It should be 
stressed that the existing publications on the impact of the considered distortions on the 
induction squirrel-cage motor are almost only applicable to 3-phase machines. The article 
presents the results of research on the influence of subharmonic and interharmonic voltage 
components on the single-phase induction squirrel-cage motor. 
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1.  INTRODUCTION 

The single-phase induction motor is very popular and used, for example, in many 
low power drives, such as: dishwashers, fans, washing machines, fridges, dryers, 
hermetic compressors, pumps, etc. The single-phase induction motor, like the  
3-phase motor, requires a suitable quality voltage supply for proper operation. 
However, in energy systems, voltage quality distortions may occur in connection 
with the deviation of its RMS value and the occurrence of harmonic, subharmonic 
and interharmonic components in its waveforms. Subharmonics are components 
with frequencies lower than the basic component frequency. Subharmonics often 
occur in combination with voltage interharmonics, i.e. distortions with a frequency 
higher than the basic harmonics and not constituting its integer multiple. 

The main reason for the occurrence of subharmonic and interharmonic 
components in the voltage waveforms are nonlinear consumers operating with 
variable load [Testa et al. 2007; Sürgevil and Akpnar 2009] and renewable energy 
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sources, including: wind power plants [Bolen and Gu 2006; Testa et al. 2007; Xia  
et al. 2017; Yang and Bollen 2017] and photovoltaic farms [Ravindran et al. 2018; 
Sangwongwanich et al. 2018; Ravindran et al. 2019; Pan et al. 2020]. In addition, 
the distortions may also result from the operation of voltage inverters and many low 
power consumers supplied with single-phase voltage, such as: laser printers [Testa 
et al. 2007; Knockaert, Debruyne and Desmet 2019] or photocopiers. 

It should be mentioned that at present there is literature confirming the 
particularly detrimental impact of the subharmonics and interharmonics in the 
voltage waveforms on the operation of the 3-phase induction motor [Abreu and 
Emanuel 2002; Fuchs, Roesler and Masoum 2004; Gnaciński and Pepliński 2014; 
Ghaseminezhad 2018; Gnaciński, Pepliński and Hallmann 2019; Gnaciński et al. 
2019; Ghaseminezhad 2021; Gnaciński et al. 2021]. These distortions cause 
additional power losses in the motor, which result in an increase of the winding 
temperature. In addition, they may cause pulsation of the electromagnetic torque and 
excessive vibration of the motor [Gnaciński et al. 2019; Gnaciński et al. 2021]. 
However, the influence of the subharmonics and interharmonics on single-phase 
induction motors remains to be examined. It should be stressed that there are not 
many publications on the lowered voltage quality on the operation of the single-
phase induction motor. In particular, there is a deficiency of experimental works. For 
example, the study [Fuchs, Roesler and Masoum 2004] proved by theoretical 
analysis that subharmonics, even at a low level in the voltage waveforms, at 0.5% of 
the basic component, significantly increase the power losses of the stator and the 
rotor of the motor. 

It should be mentioned that the operating conditions of the magnetic circuit in 
the single-phase induction motor significantly differ from the operating conditions 
of the magnetic circuit in the 3-phase induction motor. In the single-phase motor, the 
magnetic field is pulsating, as in the transformer, or revolving elliptically (in a motor 
with a permanently connected capacitor). However, in the 3-phase induction 
squirrel-cage motor, there is a circle-shaped revolving magnetic field. In addition, 
due to the low power, and by consequence currents, single-phase motors are 
characterised by a relatively high winding resistance. Therefore, the results of 
research on 3-phase motors cannot be extrapolated to single-phase motors. 

This article presents the impact of subharmonics and interharmonics on the 
currents of the single-phase induction motor. Since for the motor in no-load 
operation, a particularly negative impact of the power supply with voltage containing 
subharmonics and interharmonics [Gnaciński et al. 2019; Gnaciński et al. 2021] was 
found, the research was conducted for this operating condition of the motor. 
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2.  MEASUREMENT STATION  

The measurement station includes: a Chroma 61512+A615103 programmable 
alternating voltage source, a single-phase induction squirrel-cage motor with  
a permanently connected capacitor, a digital oscilloscope, and a computer-based 
electrical energy quality analyser. 

The Chroma 61512+A615103 programmable power source with a rated power 
of 36 kVA consists of two modules, master/slave, operating in parallel. This source 
can generate subharmonics and interharmonics in the frequency range of  
0.01–2400 Hz. The subharmonics and interharmonics content in the current was 
measured using a Tektronix TBS 2000B digital oscilloscope, and the computer-
based electrical energy quality analyser. The subject of the study was a 4-pole single-
phase induction squirrel-cage motor included in a JETW-B/800-50 motor-pressure 
accumulating pump assembly [Pompy i hydrofory. Zestawy hydroforowe 
Webermann...].  

The rated parameters of the new assembly are included in Table 1. For research 
purposes, the motor and the pump were uncoupled. 

 
Table 1. Rated parameters of the motor-pump assembly 

Motor-pump assembly type JETW-B/800-50 
Motor single-phase 

Rated power [kW] 0.8 

Rated voltage [V] 230 

Rated frequency [Hz] 50 

Capacity  50 l/min. 

Lifting height 40 m 

Insulation class B 

 
The subharmonics content in the power supply voltage and current of the 

examined motors were measured using the analyser-estimator of the electrical 
energy quality and computer-based the electrical energy quality analyser. It should 
be mentioned that the electrical energy analyser-estimator was designed at the 
Department of Marine Electrical Power Engineering of the Gdynia Maritime 
University and is PRS-certified [Tarasiuk 2011]. 

Diagram of the measurement system shown in Figure 1. 
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Fig. 1. Diagram of the measurement station 

3.  RESULTS OF EXPERIMENTAL RESEARCH 

The section presents the results of experimental research on the impact of 
subharmonics and interharmonics with a sequence consistent with the currents of  
a single-phase induction motor. The relevant tests were performed during idle 
operation of the motor and the basic harmonic of the voltage with the rated value and 
amplitude of the examined subharmonics and interharmonics of 1% of the basic 
component of the voltage. It should be mentioned that subharmonics and 
interharmonics with similar values were recorded in the study [Nassif 2019].  

Figure 2 shows an example waveform of the current in the examined motor for 
the subharmonic with the frequency of fsh = 2 Hz. 

Figures 3 and 4 show the subharmonic and interharmonic characteristics of  
the current of the stator as a function of the subharmonic frequency of the voltage. 
Figure 3 shows the subharmonics in the current caused directly by the subharmonics 
of the voltage. Figure 4 shows the interharmonic in the current of the induction motor 
supplied by a voltage containing subharmonics generated by fluctuations of the 
rotational speed [Tennakoon, Perera and Robinson 2008; Gnaciński and Pepliński 
2014; Gnaciński, Pepliński and Hallmann 2019]. 

For the subharmonic frequency of the voltage (Fig. 3) fluctuating in the range 
of fsh = 2 Hz to fsh = 27 Hz, the current subharmonic RMS value fluctuates slightly 
in the range of Ish = 0.307 A to 0.323 A (on average in this range, it is approx.  
0.32 A, which is approx. 17.3% I1o of the basic harmonic measured at idle speed).  
In the frequency range of fsh = 27 Hz to fsh = 45 Hz, a nonlinear drop of the 
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subharmonic current amplitude to Ish = 0.071 A occurs. The occurrence of the fixed 
current subharmonics for a frequency of up to fsh = 27 Hz is related to the high 
resistance of the stator winding. Only at a frequency higher than fsh = 27 Hz, the 
reactance of the stator winding becomes so high that it causes significant attenuation 
of the amplitude corresponding to this subharmonic in the current. 

In turn, the amplitude of the current interharmonics generated from the voltage 
subharmonics (Fig. 4) with the range of fsh = 2 Hz to fsh = 27 Hz constitutes an 
increasing function and varies from Ish = 0.073 A to Ish = 0.187 A. A frequency 
increase above fsh = 27 Hz, to fsh = 45 Hz, causes a nonlinear drop of the 
interharmonic current amplitude to Ish = 0.053 A. 

Figures 5 and 6 show the subharmonic and interharmonic characteristics of the 
current of the stator as a function of the interharmonic frequency of the voltage. 
Figure 5 shows the interharmonics in the current generated directly from the 
interharmonics in the voltage. Figure 6 shows the subharmonics in the current 
generated from the interharmonics in the voltage. 

For the interharmonic frequency of the voltage (Fig. 5) changing in the range of 
fih = 55 Hz to fih = 65 Hz, the amplitude of the current interharmonics drops from 
Iih = 0.054 A to Iih = 0.024 A. The frequency increase from fih = 65 Hz to fih = 85 Hz 
causes a nonlinear increase of the amplitude of the current interharmonic to 
Iih = 0.086 A. However, in the range of fih = 85 Hz to fih = 99 Hz, the amplitude of 
the interharmonic drops to Iih = 0.073 A. 

In turn, the amplitude of the current subharmonics generated from the voltage 
interharmonics (Fig. 6) with the range of fih = 55 Hz to fih = 70 Hz constitutes an 
increasing function from Ish = 0.046 A to Ish = 0.083 A. A frequency increase above 
fsh = 70 Hz, to fsh = 99 Hz, causes a nonlinear drop of the interharmonic current 
amplitude, until complete disappearance (fih = 99 Hz). 
 

 
Fig. 2. Experimentally determined waveform of the current drawn by the motor  

for the supply voltage with a subharmonic with a compliant sequence,  
frequency of fsh = 2 Hz and amplitude of ush = 1% of the basic harmonic amplitude 
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Fig. 3. Experimentally determined RMS values of the current subharmonics  
of the motor as a function of the subharmonic voltage frequencies 

 

 
Fig. 4. Experimentally determined RMS values of the current interharmonics  

of the motor as a function of the subharmonic voltage frequencies 
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Fig. 5. Experimentally determined RMS values of the current subharmonics  

of the motor as a function of the interharmonic voltage frequencies 

 

 
Fig. 6. Experimentally determined RMS values of the current interharmonics  

of the motor as a function of the interharmonic voltage frequencies 
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4.  CONCLUSIONS 

The presented relationships between the RMS subharmonic and interharmonic 
values in the current waveforms of the single-phase motor on the frequency show  
a significant difference relative to the analogical relationships determined for  
3-phase motors. Firstly, in the examined motor, at fsh < 27 Hz, the voltage 
subharmonics frequency influences the subharmonic value of the current. Secondly, 
in a 3-phase motor, a significant impact on the considered characteristics is exerted 
by resonance phenomena [Gnaciński et al. 2019; Gnaciński et al. 2021] that is not 
found in the examined single-phase motor. 
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