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Currently, the number of construction and road machines in the country that use more powerful
power plants, universal working bodies, multi-stage mechanical and hydromechanical gearboxes
and other aggregates, components and gears interconnected mechanisms has increased [1,2].

Abrasive wear is one of the main reasons for the failure of cardan mechanisms of construction and
road vehicles operating in adverse environmental conditions due to abrasive microparticles and an
increase in dynamic loads on the transmission, unstable loads, as well as frequent starts and stops.
Abrasive wear destroys the micro geometry of the profiles of the working surfaces of the splines,
which leads to an increase in the lateral space and a decrease in the flexural stiffness, which in
turn leads to an increase in dynamic loads and vibrations. Vibration not only has a negative effect
on the operator, but also carries information about the defects that cause it. Determining the
relationship between vibration parameters of machine structures, parameters of operational defects
of cardan transmissions and their changes during operation allows for quick diagnosis and
prediction of the technical condition of the elements of transmissions of construction and road
vehicles. Thus, the development of on-site vibration methods for diagnosing operational defects
and predicting the operation of cardan transmissions reduces the complexity of maintenance and
repair, as well as increases the reliability and safety of construction and road vehicles [1,2,3].

Determining the wear of the spline connection of each of the propeller shafts was done by
measuring the width of each spline in three sections along its working length. The measurement
error results of spline connection wear of each of the shafts are shown in Table 1.

Table 1. Values of measurement errors of wear of spline joints

Ne Wear value Absolute error Root mean square error | Relative error
B I, mm Ab, mm ay, £, %

1 0,3 2,948*10 1,504*107 0,51

2 0,5 3,767*10° 1,922*10°3 0,526

3 0,65 5,835*10 2,977*10° 0,547
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The bending stiffness of the splined joint was determined by the magnitude of the shaft deflection
under the action of a radial force applied in the middle of the common part of this joint.

To determine the bending stiffness of the splined connection of the cardan shaft, a stand was used,
which was based on a laboratory installation with a loading device (screw press) 1, which provides
axial movement to the universal table 2, and on which support prisms 3 are installed.
Dynamometric ring 6 with a dial indicator 5, mounted in the mechanism of the installation
movement 7. An I-beam 9 with a pointer indicator 8, which is attached directly to the studied
driveline. The scheme and general view of the stand are shown in Figure 1.

Figure 1. Stand for determining the bending stiffness of the splined connection of the cardan
shaft: a - scheme; b - general view

The results of the measurement error of the shaft deflection e under the action of the radial force F
of each of the shafts are shown in Table 2.

Table 2. Shaft deflection measurement errors

Ne Wear value | Root mean square error Absolute error Relative error £. %
- I, mm Tp Ae, mm !

1 0.30 1,05%10° 2,58*107 5,83

2 ’ 4,26*10 2,18*10° 4,72

1 050 1,67*10° 4,08*10° 6,00

2 ’ 8,33*107 2,04*10° 4,90

1 0.65 8,60*10° 2,00*10 4,90

2 ’ 8,82*10°° 2,16*10° 5,00

From the analysis of experimental data, we can conclude that the obtained experimental
dependences should be approximated by two straight lines, the equation of which has the form

E=}Jﬂ+b1'd)

The coefficients b; and by of the regression equation were calculated using the least squares
method. The obtained values of the coefficients are shown in Table 3
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Table 3. Results of regression analysis

No Wear value Lot boundaries, Regression equation coefficients
- I, mm H b1 bo
0 %1 (-3
I 712 1,00*10 0
0,30 71,2
) *10-2 *1 N2
1| 357 7,72*10 6,60*10
0 3
I 71,2 1,57*10 0
0,50 71,2
1 * -5 * -2
1| 357 4,61*10 10,7*10
0 3
| 81.2 5,51*10 0
0,65 81,2
) *104 *102
I 362 1,03*10 43,9*10

The results of the dependence of the deflection of the cardan shaft e on the radial force F at
different degrees of wear of the splined joint with applied regression lines are shown in Figures 2
4
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Figure 2. Dependence of the deflection of the cardan shaft e on the radial force @ with wear
of the splined connection I =0.30 mm

e x 107, mm

X I i i 1 I i 1

0 50 100 150 200 250 300 350 @ H

Figure 3. Dependence of the deflection of the cardan shaft e on the radial force @ with wear
of the spline connection I = 0.50 mm
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Figure 4. Dependence of the deflection of the cardan shaft e on the radial force @ with wear
of the spline connection I =0.65 mm

For the convenience of analyzing the results of the deflection of the cardan shaft e from the radial
force @, we will build a combined graph shown in Figure 5.
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Figure 5. The combined graph of the dependences of the deflection of the cardan shaft e on
the radial force @ at different degrees of wear of the spline connection

The obtained experimental dependences of the change in the deflection of the spline connection on
the value of the applied radial force have two pronounced linear sections. In the first section, when
the radial force changes from zero to a certain value, the rigidity of the spline joint is significantly
lower than in the second section, where the radial force has higher values. This nature of the
dependence is explained by the fact that when a radial load is applied in the joint, gaps are first
sampled, as well as contact deformation of microroughnesses and the lubricating layer, which
have low rigidity. With a further increase in the load, after the selection of the gaps, only bending
deformations of the directly splined shaft and bushing occur, which have a significantly higher
rigidity.

Thus, the deflection of the shaft e of the driveline under the action of the radial load @ will be
determined mainly by the first section of the obtained dependence for the bending stiffness of the
spline connection. The first section is characterized by the parameter b;, which is equal to the
tangent of the slope of the approximating straight line to the x-axis. Therefore, first of all, the
dependence of the change in the value of the parameter b, on the amount of wear of the spline
connection | is of interest. The graph of this dependence is shown in Figure 6
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Figure 6. Dependence of the parameter b; on the amount of wear |

From the presented graphic dependence, it can be seen that with increasing wear, the intensity of
reducing the flexural rigidity of the splined joint increases.
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