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Abstract  Analysis of mechanical and electrical diagnostic parameters of electromechanical units is considered as 
an integrated approach. The relationship between mechanical, electric diagnostic parameters and technical 
conditions of the electric drive is investigated on the example of the stand consisting of the asynchronous motor, the 
coupling and a worm gear. The most sensitive diagnostic parameters were identified in case of various defects in 
electromechanical units. The change in the spectrum of vibration of the motor and the coefficients of the wavelet 
analysis of the electric current of the motor stator were investigated at idle and under load, in the absence and 
presence of the following defects: a decrease in the contact patch gear, misalignment coupling rims, as well as 
grazing rotor motor. 
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1. Introduction 
With growth of automation in modern production the 

requirements for technological control rise. Thus, 
diagnostics of the equipment becomes the most 
perspective and rapidly developing aspect. Conveyors are 
one of a numerous examples of the automated equipment 
demanding diagnosing. To avoid a stop of this equipment, 
it is necessary to carry out diagnostics and to predict 
accidents of components which can arise at operation. 

In this paper the mechanical and electrical diagnostic 
parameters, and also communication between them are 
considered on the example of the stand, which consist of 
the asynchronous motor, the coupling and the worm-and-
wheel reduction unit. 

Issues of bearing, induction motor and electromechanical 
unit diagnostics are discussed in [1-13]. Modern diagnostic 
tools apply artificial intelligence techniques [1,2,3,4,7,11]. 
Fuzzy logic system is one of the efficient tools of 
equipment diagnostics [1,2,3,4,10]. 

Currently, artificial intelligence technologies are widely 
used for control and diagnostics of electric motors 
[1,2,3,4,10,11,12,13]. 

2. Experimental Studies 

To study the mechanical and electrical diagnostic 
parameters of electromechanical units the most frequently 
occurring defects were analyzed. Were revealed that often 
occur following defects: a reduction of the contact gear, 
misalignment coupling rims, as well as grazing rotor 
motor. Therefore, the laboratory bench is able to emulate 
these defects. The stand photo is shown in Figure 1. 

 

Figure 1. The laboratory stand 

The vibrator inverter АР2019 (fastening on the 
coupling using a magnet) and current sensors LEM LA-
55P (installation on 3 phases of the asynchronous motor’s 
stator) were used. All data were recorded in an idle mode 
(no-load conditions) and in a mode with load of worm-
and-wheel reduction unit (M = 32 Nm). Electric motor 
power P = 0,18 kW. Rotation speed N = 1350 rpm. Worm 
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gear is МЧ-40М-31,5-47,6-51-5-1С-У3. The oscillograph 
Tektronix TDS3014 was used to record signals and 
process them in MathCAD and MathLAB software.  

Data collection parameters: the number of samples N = 
10000, reading data time t = 10 s, the period dt = 0.002 s, 
sampling frequency υ = 500 Hz. 

2.1. Vibration Analysis 
Figure 2 and Figure 3 show the spectrum of vibration 

speed for completely serviceable electromechanical unit at 
idle and under load, respectively. In the second case, there 
is a general increase in the average amplitude of vibration 
speed from 2 mm/s to 10 mm/s and the appearance of the 
rotating vibration speed frequency Fr1 = 22,4 Hz (vibration 
speed amplitude 20 mm/s), its second (vibration speed 
amplitude 24 mm/s) and third harmonics (vibration speed 
amplitude 30 mm/s).  

 

Figure 2. The spectrum of vibration speed for completely serviceable 
electrical motor in idling mode 

 

Figure 3. The spectrum of vibration speed for completely serviceable 
electrical motor in loading mode 

Figure 4-Figure 6 show the spectrum of vibration speed 
with a decrease in the contact patch gear skewed rims 
clutch and grazing rotor motor, respectively. 

 

Figure 4. The spectrum of vibration speed of the electric motor with a 
decrease in the contact patch gear under load 

By reducing the contact area the gear vibration 
amplitude is increased at the second harmonic frequency 
Fr1

2X = 44.8 Hz (30 mm/s) and the third harmonic (50 
mm/s) at a frequency of tooth Fz = 45 Hz (90 mm/s) and 
the second harmonic (45 mm/s). An increase of the 
amplitude for the tooth frequency and its harmonics is 

higher about 9-10 times in compare with intact mode 
under load. 

 

Figure 5. The spectrum of vibration speed of the electric motor with a 
skew rims clutch under load 

With a skew rims clutch under the load an increase of 
amplitude coupling rate on the rotating does not occur (7 
mm/sec), but there is a lateral harmonic (frequency 30 Hz, 
amplitude 6 mm/s). In the spectrum can also be seen a 
second harmonic frequency, its amplitude also does not 
increases. 

 

Figure 6. The spectrum of vibration speed of the motor with grazing 
rotor induction motor under load 

In the event of grazing rotor the amplitude on the 
rotating frequency also increases (18 mm/s). There is 
fractional harmonic (frequency about 12Hz - 0,5·Fr1, 
amplitude 17 mm/s). A characteristic feature of this 
spectrum can be called the emergence of the "energy 
hump" at frequencies from 80 Hz to 100 Hz. This is 
because the grazing on the rotor was produced by impact 
the induction motor of the fan blades (4 blades). 

2.2. Analysis of the Current 
Wavelet analysis of the electric current of the three 

phases of the motor stator was performed. Daubechies 
wavelets (db-8) were used. For the analysis of the motor 
current a Table 1 was correspond to the coefficients of the 
wavelet transform bands of the spectrum of the motor 
current. 

Table 1. Frequency Bands of the stator current with wavelet 
transform 

Value dt (s) Specification Sub-band (Hz) 

0.002 

d1 250…500 
d2 125…250 
d3 62.5...125 
d4 31.25...62.5 
d5 15.63...31.25 
d6 7.81...15.63 
d7 3.9...7.81 
d8 1.95...3.9 

Figure 7-Figure 11 show the data obtained under the 
same experimental conditions. 
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Figure 7. The electric current of the third phase of the serviceable motor 
stator and its wavelet transform in idling mode 

 

Figure 8. The electric current of the third phase of the motor stator and 
its serviceable wavelet transformation under load 

 

Figure 9. The electric current of the third phase of the motor stator and 
its wavelet transform decreases the contact gear 

Figure 9 shows the change in amplitude coefficient d5 c 
0.02 to 0.03 (with peaks up to 0.04-0.05) compared with 
intact electric motor (Figure 8). This slight change of the 
coefficient is explained by the presence of the kinematic 
chain between the motor and the gear. 

The increase in the coefficient of d5 is also possible to 
explain the relevant frequency range (15.63...31.25 Hz). It 
is the reverse speed. Increase in the amplitude at this 
frequency and its harmonics were recorded also in the 
analysis of vibration speed. Wavelet analysis of the stator 
current for a given defect showed the possibility of 
determining the frequency range in which it is necessary 
to conduct a detailed analysis of the spectrum of vibration 
speed. 

 

Figure 10. The electric current of the third phase of the motor stator and 
its wavelet transform with misalignment rims clutch under load 

 

Figure 11. The electric current of the third phase of the stator of the 
drive and its wavelet transform tripping on the rotor of the motor under 
load 

Figure 10 shows the change in amplitude ratio d3 from 
1.2 to 1.8 (with peaks to 2) as compared with intact 
electrical motor under load (Figure 8). The frequency 
range in which the effect this ratio ranges from 62.5 to 125 
Hz. Here there are 3-5 reverse rotation frequency 
harmonics that have the greatest impact on the increase of 
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the amplitude ratio. Their appearance can be explained by 
the fact that the motor coupling misalignment rims need to 
put more effort in the points skew rotation of the rotor. 
From here there is torque ripple that leads in increase the 
current. 

Figure 11 also shows the change of amplitude 
coefficient d3 c 1.2 to 1.7 (with peaks to 1.9) as compared 
with intact electrical motor under load (Figure 8). This 
ratio increases for the same reason as in the previous case 
(Figure 10). But here there is a clear connection between 
the spectrum of vibration speed. In Figure 6, you can see 
the "energy hump." Thus, in the vicinity of the zone of the 
stator current defect analysis showed the best results. 

Analysis of the results showed an increase in the value 
of certain factors in the event of defects of electric motor. 
Each coefficient corresponds to its frequency spectrum of 
the electric current. Finding the dependence of the 
coefficients of vibration speed makes possible the creation 
of a database for a particular hardware defects. 

3. Conclusion 
In this paper the diagnostic parameters for determination 

of current status of electromechanical system were 
allocated. The connection between these parameters was 
established by imitation of some defects. 

The developed hybrid system allows to estimate a status 
of the equipment in mechanical and electrical parameters 
that leads to the most reliable and exact results. 

By the results of this research the intelligence system 
for decision-making founded on algorithms of fuzzy logic 
is developed. 
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