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Abstract. One of the risk factors for dump trucks drivers is the over-vi-
bration on various parts and control units. This leads to the formation of
high intensity of work. To search for the causes of over-vibration it is pro-
posed to use vibration analysis methods. To search for the causes of over-
vibration it is proposed to use vibration analysis methods in time when
dump truck is not moving. This allows the escaping the influence of exter-
nal factors such as like profile of the road, slope, etc. The analysis of the
vibrational signal spectrum allows determining the type of defect with a
high degree of reliability.

1 Introduction

There is a known problem of occupational morbidity of the drivers of dump trucks [1-3],
which is associated with over-vibration in the workplace. This requires a reduction in time
of relay of the driver, but this is often impossible due to the organization of labor in the pit
mine. Despite the continuous improvement in the design of mining dump trucks and their
service systems, there is in the level of occupational morbidity among drivers do not decrease
[4, 5].

Vibrodiagnostic [6-9] is the most acceptable for manufacturing and assembling mining
equipment most suitable for searching and identifying various types of mining equipment
(including heavy mining dump trucks) [6—9], which allows 90% confidence [8, 10-13] to
identify and diagnose developing defects at an early stage.

2 Methods of examination

Vibrodiagnostics refers to functional methods for assessing the technical condition of equip-
ment [9, 11], therefore, in principle, it can be used for working loads of dump trucks when
driving them on technological roads, during loading and unloading of a transported rock
mass. However, when a diagnostic examination of the trucks is to search for defective equip-
ment is more appropriate Parking test, when you set various operation modes of the engine
(idling, the nominal rpm maximum allowable rpm when the Parking test), then the disconnect
is attached equipment (pump, drive shaft and fan wheel).
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The values of vibration velocity V, vibration acceleration a and vibration displacement S
measured in the frequency range (3 - 4000 Hz) were chosen as diagnostic features.

Table 1 presents comparative estimates of classes of working conditions with the maxi-
mum and permissible levels of vibration acceleration.

Table 1. Comparison of European and Russian classes of working conditions

Directive 2002/44/EC Russian classification of working conditions
- vibration [14] (general and local vibration) [15-17]

Invalid level 4 > 4 a:> 8,9 m/s%; ay. > 6,3 m/s? Extreme
L15 m/s> Red 34 a: = 4,46-8,9 m/s%; ay,x = 3,2-6,3 m/s?

’ 3.3 a:=2,23-4,46 m/s%; ay» = 1,6-3,2 m/s? Harmful
Limit level a = Yellow 32 a-=1,12-2,23 m/s%; ay» = 0,79-1,6 m/s?
1,15 m/s? 3.1 a-=0,56-1,12 m/s%; ayx = 0,4-0,79 m/s?
Acceptable level Green 2 a- < 0,56 m/s%; ayx < 0,4 m/s? Accepted
a<1,15 m/s? 1 a: =0 m/s?; ayx =0 m/s? Optimum

Figure 1 shows a diagram of the control points for measuring local vibration in the driver's
cab.

Fig. 1 The scheme of vibration measurement on the driver’s seat, driver's cab, and steering
wheel

To search for a source of over-vibration was conducted examination units that generate
the vibration (diesel engine and generator).

Figure 2 shows a control points scheme of measurement of local vibration on the left side
of the diesel engine. A similar vibration measurement scheme was used on the right side of
the engine.

Figure 3 shows a control points scheme of measurement of local vibration on the electric
generator.



E3S Web of Conferences 134, 01005 (2019) https://doi.org/10.1051/e3sconf/201913401005
SDEMR-2019

3 Measurement result

The object of the study was chosen dump truck BelAZ-75306, which is operated on the pit
mine "Vinogradovsky" PJSC “Kuzbasskaya Toplivnaya Company”. During operation, driv-
ers had a subjective feeling of over-vibration. Measurement of vibration level was carried out
in accordance with the accepted measurement procedure with the sequential shutdown of the
components of the power unit.
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Fig. 3 The scheme of vibration measurement on an electric generator.
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From the analysis of the vibration that affects the driver of the dump truck, it follows that
the maximum acceleration is formed on the cab floor in the vertical component amax = 0.77
m/s? atidle, which exceeds the maximum permissible value [a] = 0.5 m/s? [14-17]. As follows
from the spectral analysis of vibration acceleration (figure 4) in some cases, vibration isola-
tion of the cabin passes the mechanical vibrations generated by the engine to the floor of the
driver's cab.

Fig. 4 Spectrum of the vertical component of vibration generated by the engine to the
floor of the driver's cab n=800 min™!, a=0,77 m/s?

From the analysis of vibration acting on the driver of the dump truck, it follows that the
maximum value of vibration acceleration acting on the hands on the steering wheel (local
vibration) reaches the value of amax = 0.40 m/s?, which does not exceed the maximum per-
missible value [a] = 2.5 m/s? [14-17].

Spectral analysis of the results of vibration measurement on the steering wheel indicates
poor engine performance (figure 5) — there is the appearance of the second and higher har-
monics, there is a harmonic at half the crankshaft speed. All this testifies to the unsatisfactory
work of the power supply system of the engine.

Analysis of the test results shows that the main source of mechanical vibrations is a diesel
drive dump truck. At the same time, the maximum value of vibration acceleration amax=27
m/s2, which is less than the maximum permissible value [a] = 4g, and the value of vibration
velocity, by which the technical condition is estimated, V = 6,2 < [V] = 7,2 mm/s, which
indicates a satisfactory technical condition of the drive system.

Increasing the engine speed from 800 min™! (idle run) to 1200 min' (maximum speed
during testing) almost always leads to a decrease in the level of vibration, but the value of
vibration acceleration is almost always increasing.

Disconnection of attachments (pump, cardan shaft and fan wheel) has virtually no effect
on the overall and local vibration level, although the vibration process pattern is slightly
changed.
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Fig. 5 Spectra of the vibration on the steering wheel: a - vertical component (n=800 min™'; a=0,36 m/s’
2); b - quadrature component (n=800 min"'; a=0,38 m/s2); ¢ - vertical component (n=1000 min™'; a=0,31
m/s?)
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4 Conclusion

Summarizing the above, we can say that:

- the search for sources of increased vibration is possible only using the method of
functional diagnostics, namely vibration diagnostics;

- when carrying out diagnostic measurements, it is necessary to exclude the influence
of external production factors for the identification of defects in the manufacture, assembly,
and operation of dump trucks;

- the spectral composition of vibration processes makes it possible to determine the type
of defect with a high degree of reliability (probability p=0.9) and, when using the Russian
classification of working conditions, to determine the degree of danger of the detected defect.
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