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Abstract. The article considers the questions of application of technical 
diagnostics fan installations methods for providing safe operation, the 
system of the technical maintenance improvement and repair. Due to the fact 
that one of the most important aspects in fan operation in mining is energy 
efficiency and energy saving, the lack of the data in the control of the level 
in vibration of stationary sensors is shown. The necessity of taking into 
account the geometric parameters of the intake channel has been shown, and 
also the necessity of creation of the reference masks for the assessment of 
technical condition and energy efficiency when operating fan installations 
in mining. The results of technical diagnostics of the main fans using the 
methods of vibration diagnostics are provided. Aspects of vibration at 
characteristic points are shown. The necessity for further accumulation of 
data characterizing vibration for adjustment of the reference masks and more 
accurate detection of defects and deviations from the energy-efficient mode 
of operation of the fan installations is given. 

1 Introduction 
Fan installation in mining operations provide ventilation of the main and auxiliary mine 
workings, and also used for preliminary degassing of coal seams. Primarily, personnel safety 
depends on the safe operation of installations of ventilation and degassing of negative 
consequences caused by the release of methane in underground mines. 

All ventilation systems of coal mines are reserved and supplied with stationary vibration 
temperature and performance sensors. This controls the working of the ventilation system, 
but not its energy efficiency. 

Due to the continuous growth of energy tariffs, as well as in the framework of the «A 
policy framework for climate and energy in the period from 2020 to 2030» and the 
International standard ISO 50001 [1, 2], it is very important not only to reduce energy losses, 
but also to provide efficient service for the maintenance and repair of equipment of mining 
enterprises. Energy saving is more beneficial than generation capacity, because the costs of 
saving 1 kW of power costs four to five times cheaper than the cost of a newly commissioned 
1 kW of power, depending on the remoteness of the enterprise from generating plants. 
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2 Materials and methods 

Based on the results of the measurements only the overall level of vibration (for example, in 
a wide range of 2-1000 Hz) changes in the condition of rotating machinery to a condition in 
which increasing the amplitude of certain harmonics will reach the level of the component 
with the largest amplitude (usually at a frequency of rotation of the rotor) can not be detected 
[3]. This condition can be evaluated as satisfactory (exp limited time), in this case the energy 
saving in the operation of this equipment is not taken into account [4]. 

For detailing the defects the limits on vibration level for individual spectral components 
(reference masks) that is associated with different levels of risks of emergency failure of 
equipment from various defects are introduced. The method of using the reference masks 
allows you to not only to evaluate, but also to predict the change in the condition of the 
equipment [5, 6]. In addition, for each fan size, it is advisable to create your own reference 
mask, as it influences not only frequency of rotation of the rotor, but the number of vanes 
(blades) of the fan. It is proposed to use the method of reference masks to assess the efficiency 
of the fan. Defects such as imbalance and misalignment leads to increasing mechanical 
losses, therefore to a waste of energy. 

Much attention is paid to the energy saving in the adjustment of performance, it is also 
known that the efficiency of axial fans is influenced by the geometric dimensions of the duct, 
the distance between the impeller and diffuser and other aspects [7, 8].  

Thus, in this work the selected method of construction of the reference masks, to ensure 
safe operation and evaluation of energy efficiency when the fan has been chosen. 

3 Results and Discussion 

During the operation of the fan 2VDK-32/2 stationary system of vibration diagnostics the 
repeated exceeding of the maximum allowable level of vibrations at 11.2 mm/c has been 
noticed. It has decided to conduct the diagnostics in the manual mode. Point measurements 
of vibration are shown in Fig. 1. and the total vibration is shown in table. 1 

 
Fig. 1. The scheme of measurements of vibration on the fan 2VDK-32/2 

 

Table 1. The overall level of vibration in the range 2-1000 Hz 

Measuring 
point 

RMS, 
mm/s 

Measuring 
point 

RMS, 
mm/s 

Measuring 
point 

RMS, 
mm/s 

1V 1,53 3V 2,80 5V 1,68 
1H 4,16 3H 5,85 5H 4,30 
1A 2,06 3A 2,98 5A 1,31 
2V 3,75 4V 2,04 6V 2,49 
2H 5,69 4H 3,68 6H 4,25 
2A 7,35 4A 1,95 6A 2,03 

Analysis of the data in the table shows that at the point 2A overall vibration level reaches 
a warning. The results of detailed analysis show the following: current frequency of the rotor  
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where n=750 rpm, the rotational speed of the rotor of the motor.  
Noticed some imbalance of the fan impeller in the General level within zone A (see 

Fig. 2) 
The frequency of the flow on the blades of stage 1 (the number of blades of stage 1) 

5,187155,1211  zrflf  Hz; (2) 

The frequency of the flow on the blades 2 of the degree (the number of blades 2 
stages) 

5,137115,1222  zrflf  Hz. (3) 

 
Fig. 2. A vibration spectrum at point 1V stands still from 23.06.2017 

This fan has some features, such as the second fan stage 2VDK-32/2 is mounted coaxially 
of the first stage with the technological gap between the end planes of the runners. In order 
to avoid the use of guide vanes and thereby to increase the efficiency of the fan rotation 
direction of impellers they are made opposite [9, 10]. 

The frequency of collision of flows in the transition to the second stage (taken from a real 
frequency in the spectra of Fig. 3) 

2

E3S Web of Conferences 21, 03006 (2017) DOI: 10.1051/e3sconf/20172103006
The Second International Innovative Mining Symposium



2 Materials and methods 

Based on the results of the measurements only the overall level of vibration (for example, in 
a wide range of 2-1000 Hz) changes in the condition of rotating machinery to a condition in 
which increasing the amplitude of certain harmonics will reach the level of the component 
with the largest amplitude (usually at a frequency of rotation of the rotor) can not be detected 
[3]. This condition can be evaluated as satisfactory (exp limited time), in this case the energy 
saving in the operation of this equipment is not taken into account [4]. 

For detailing the defects the limits on vibration level for individual spectral components 
(reference masks) that is associated with different levels of risks of emergency failure of 
equipment from various defects are introduced. The method of using the reference masks 
allows you to not only to evaluate, but also to predict the change in the condition of the 
equipment [5, 6]. In addition, for each fan size, it is advisable to create your own reference 
mask, as it influences not only frequency of rotation of the rotor, but the number of vanes 
(blades) of the fan. It is proposed to use the method of reference masks to assess the efficiency 
of the fan. Defects such as imbalance and misalignment leads to increasing mechanical 
losses, therefore to a waste of energy. 

Much attention is paid to the energy saving in the adjustment of performance, it is also 
known that the efficiency of axial fans is influenced by the geometric dimensions of the duct, 
the distance between the impeller and diffuser and other aspects [7, 8].  

Thus, in this work the selected method of construction of the reference masks, to ensure 
safe operation and evaluation of energy efficiency when the fan has been chosen. 

3 Results and Discussion 

During the operation of the fan 2VDK-32/2 stationary system of vibration diagnostics the 
repeated exceeding of the maximum allowable level of vibrations at 11.2 mm/c has been 
noticed. It has decided to conduct the diagnostics in the manual mode. Point measurements 
of vibration are shown in Fig. 1. and the total vibration is shown in table. 1 

 
Fig. 1. The scheme of measurements of vibration on the fan 2VDK-32/2 

 

Table 1. The overall level of vibration in the range 2-1000 Hz 

Measuring 
point 

RMS, 
mm/s 

Measuring 
point 

RMS, 
mm/s 

Measuring 
point 

RMS, 
mm/s 

1V 1,53 3V 2,80 5V 1,68 
1H 4,16 3H 5,85 5H 4,30 
1A 2,06 3A 2,98 5A 1,31 
2V 3,75 4V 2,04 6V 2,49 
2H 5,69 4H 3,68 6H 4,25 
2A 7,35 4A 1,95 6A 2,03 

Analysis of the data in the table shows that at the point 2A overall vibration level reaches 
a warning. The results of detailed analysis show the following: current frequency of the rotor  

5,12
60

750

60


n
rf  Hz;  (1) 

where n=750 rpm, the rotational speed of the rotor of the motor.  
Noticed some imbalance of the fan impeller in the General level within zone A (see 

Fig. 2) 
The frequency of the flow on the blades of stage 1 (the number of blades of stage 1) 

5,187155,1211  zrflf  Hz; (2) 

The frequency of the flow on the blades 2 of the degree (the number of blades 2 
stages) 

5,137115,1222  zrflf  Hz. (3) 

 
Fig. 2. A vibration spectrum at point 1V stands still from 23.06.2017 

This fan has some features, such as the second fan stage 2VDK-32/2 is mounted coaxially 
of the first stage with the technological gap between the end planes of the runners. In order 
to avoid the use of guide vanes and thereby to increase the efficiency of the fan rotation 
direction of impellers they are made opposite [9, 10]. 

The frequency of collision of flows in the transition to the second stage (taken from a real 
frequency in the spectra of Fig. 3) 

3

E3S Web of Conferences 21, 03006 (2017) DOI: 10.1051/e3sconf/20172103006
The Second International Innovative Mining Symposium



3222,1362,1862121  lflflf  Hz. (4) 

 

 
Fig. 3. A vibration spectrum at the point 2A stands still 23.06.2017 

To improve the energy efficiency by reducing energy losses on the guide apparatus 
between the motor and the impeller counter-rotating wheels direct the flow of air from one 
to another, is confirmed by studies [10 - 13]. For stabilization of the flow in a ventilation pipe 
a mounted stabilizer has been assembled. 

The reference spectra are compiled for each of the characteristic frequencies of the fan, 
according to the diagnostics carried out after running-in (about 1000 – 1500 hours) for the 
characteristic points. Compared to the reference spectrum reference masks are generated. 

The reference masks designed for this fan, (shown in Fig. 4 to point 2) have warning and 
alarm levels. 

Thus, a relatively high level of vibration is caused by the stall of the vanes of the first 
wheel when the transition to the second one and does not affect the normal operation of the 
fan and the vibration of the bearing supports. However, the exceeding of the warning level 
for the frequency of threads collision means the reducing of the fan efficiency. It is advisable 
to check the air channel to change the geometric parameters, seals, air suction, etc. 

 
Fig. 4. The reference mask to a point 2A 

4 Conclusion 
When carrying out the technical diagnostics after comparing the current spectra with the 
reference it is possible to evaluate the technical condition of the fan to the area of warning as 
efficient, in excess of the individual frequencies as limited functional, but not energetically 
efficient. In case of exceeding the level of anxiety, the spectra of vibration must be analyzed. 
A detailed analysis allows to evaluate the condition of motor bearings and impeller, the 
blades of the first and second stages, as well as the occurrence of the flow separation due to 
the irregularities of the aerodynamic characteristics of the duct. 

The use of a sufficient number of spectral masks requires a long process of accumulation 
of experimental data. It makes the method time consuming. However, thanks to the 
subsequent use of masks the diagnosis will be performed quickly and reliably. 
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