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Abstract. In the article are considered the issues of
improving the parameters of technological processes
during the restoration of the kinematic chain included in
the helicopter gearbox in a small-scale enterprise, for
example, in the Tbilisi Aviation Plant, in order to
increase their reliability and control of radial-support
rolling bearings, which together are of relevance.

Attention is drawn to the characteristics of the
accuracy of manufacturing the teeth of an aviation gear-
box, which is of particular importance where harmful
deformation effects occur during working loads -

twisting and bending vibrations.
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The modification of the involute tooth profile by the
“Reischauer” company is discussed, as a result of which
vibrations are reduced during working loads.

It is shown that in aviation gear transmissions, tooth
breakage is widespread due to the concentration of stress
along its profile, as well as their poor processing and the
use of undesirable lubricants.

In order to increase reliability, the established
strength reserve coefficient is used and the image is
considered as a way to determine the safety coefficient.

An original design device is proposed (patent N AP
20058182A, developed at the Georgian Technical
University and implemented in the Tbilisi Metropolitan

Union.
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The article uses mathematical analyzer geometry
methods for measuring the radial clearance of rolling
bearings with a non-contact device, followed by theo-
retically mathematical representation of the axis

Keywords: Original divice for quality control of
bearings; Strength reliability; Torsional and ben-

ding vibrations.

Introduction

To improve the reliability of rolling bearings,
various parameters have been studied, such as the
kinematic accuracy of the chain, the quality of the gear
transmission of reducers, the resulting torsional and
bending vibrations, and ways to improve strength
reliability.

Considering the issues of monitoring rolling
bearings and their selection, on which the quality of
the accuracy of the entire process chain largely de-
pends, it is proposed to monitor the value of the radial
and support-axial tolerance by an original design of the
measuring device [15].

Using the original design of the device with a built-
in rocker mechanism and a measuring metering lever of
force, strict control of the tolerance of the gap deviation
is ensured [15, 12].

Using the conclusions of analytical geometry when
considering an equilateral triangle, the obtained values
\u200b\u200bare determined by two-plane - radial and
support values \u200b\u200bof the gap tolerance.

Main Part

In aircraft gearboxes, control of their precision
characteristics is of particular importance, including
load-bearing rolling bearings. When operating cogwhe-
els, high kinematic precision of rotation must be
ensured with an involute profile [7, 11].

According to the materials of the Swiss company

"Reishauer”, [7] it is indicated that an involute is
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subjected to complete modifications compensates well
for the harmful effect of deformations occurring under
the working load, and the obtained parameters when
assessed according to GOST 1643-72 and ST SEV 186-
75, and in the opinion of the indicated company, the
transmission will be assessed as inaccurate. This prin-
ciple of control is acceptable for assessing and stan-
dardizing the precision of low-load gear transmissions
for general mechanical engineering with working
surfaces of teeth with low hardness [7]. Therefore, it is
considered incorrect to evaluate the accuracy of aircraft
gears exclusively according to GOST 1643-72 elemental
indicators [7, 11].

Contact tooth failure is the main cause of failure of
high-speed gears in well-lubricated gear transmissions.
During repair of aircraft engines, up to 85% of the total
number of rejected gears are rejected due to contact
tooth failure caused by chipping and peeling [7, 13].

The most common causes of contact tooth failure
are the concentration of load along the length and
profile of the teeth and their poor running-in ability,
and the greater the concentration of stresses, and
unfavorable lubricants contribute to the failure of the
tooth. For aircraft gearboxes, it is necessary to establish
a fatigue strength reserve (safety factor) for the
cogwheel, determined [7]:

o=t < [n],

(1)

" g o oom

where 6_; - is the fatigue limit of the cogwheel;
K- 1s the effective stress concentration factor;
&,- is the absolute size factor of the wheel;
Y, - is the cycle asymmetry influence factor;
[n_4]- is the permissible value of the safety margin.
The amplitude value of extreme local normal
stresses 0y, and the average value of these stresses g,,
areequalto[ 7 ]:
00.a= ( Ogmax= Oomin )/2 (2)
Oom=(Tomax+0omin) /2 , (3)
where 04mqxand Ogpin) — are extreme values of

local normal stresses in the rim of the cogwheels under
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consideration, determined by the corresponding for-
mulae [7,13].

As not only the rim, but also the teeth of the
satellite in the gearbox operate under conditions of an
asymmetric alternating stress cycle, and the asymmetry
coefficient of the cycle r = 0_min / o_max changes with
an increase in the gap and a decrease in the thickness of
the rim [8], it is necessary to calculate the loaded tooth
of the satellite and the rim using the formula for
cogwheels during their vibrations [6, 7].

Increased dynamic loads in the engagement of
gearboxes caused by resonant torsional vibrations of
gear drives are dangerous.

There are existing two types of torsional vibrations.
Low-frequency vibrations caused due vibrations of the
system, which include: gear transmissions; engine
rotor, helicopter p

The most dangerous are high-frequency torsional
vibrations with a tooth frequency and with a multiple
of its harmonic. The main source of such vibrations is
the different rigidity of the teeth in engagement [1, 7].
Considering that the majority of highly loaded gear
transmissions have an overlap in engagement of 1<<2,
and the total rigidity of the teeth of a two-pair
engagement is approximately 1.75 times higher than
the rigidity of a single-pair engagement, which under
operating conditions is a source of excitation of
torsional parametric oscillations of cogwheels, under
some circumstances - the most dangerous parametric
oscillations. The amplitude of parametric oscillations
depends on the accuracy of manufacture and loading of
the wheels with the working moment and is limited by
the magnitude of static deformation of the teeth [1,7].
High-frequency torsional oscillations of wheels are
amplified due to cyclic errors in the manufacture of
teeth and assembly of wheels, which especially affects
the operation of bevel gears. Dynamic loads in gear
engagement caused by torsional oscillations of wheels
are amplified by their transverse oscillations in the
presence of compliant shafts and supports [7]. One of

the main methods of monitoring helicopter gearbox
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gears is endurance testing of active tooth surfaces,
where such factors as material properties, tooth surface
condition, geometric and precision parameters of the
gear, operating and loading conditions must be taken
into account. The criterion for destruction during

contact fatigue of tooth surfaces is

Fig. 1 Main gearbox VR-8 of the helicopter [ 7 ].

Bearing supports installed on the main gearbox VR-
8 of the helicopter (Fig. 1) include: 1. main rotor shaft,
2-upper gearbox housing; 3- satellite and pinion
housing; 4- satellites; 5- gearbox housing, etc.

Parametric resonant vibrations are a source of
increased noise in gear transmissions due to intensive
wear of tooth profiles. Reducing the excitability of
parametric vibrations is an important task for reducing
the level of bending vibrations of wheels and increasing
the reliability and durability of the gear transmission
(6, 7].

The listed loads affect the rolling bearings, causing
an increased friction moment to appear in them.
Therefore, when performing restoration work, it is
necessary to select bearings with high precision

indicators [6, 15 ].
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To control the radial and support-axial clearance
tolerance in rolling bearings of helicopter gearboxes
during restoration work, it is proposed to use a
horizontally located rocker-lever device with the
required load for measuring the radial measured
bearing device (Fig. 2), where the specified parameters
are measured separately. However, when rearranging
the bearing with a change in the fastening base for
measuring the axial tolerance, this entails the
accumulation of error, as well as due to the inaccuracy
of the action of the pressing force. Since for support-
radial roller bearings with a removable outer ring, the
axial tolerance is adjusted using a bearing cover, and
when checking a non-separable support-radial bearing
with an outer ring, use a tested device (Fig. 2) and the

analytical geometry method [15, 8].

Fig. 2. Device for monitoring radial and support-radial

clearance of rolling bearings [15].

It is known from analytical geometry that the
solution to the problem of the parameters of an
equilateral triangle is considered in the coordinate
system on the XOY plane, a fixed point (Fig. 3), which
will correspond to one value on one of the coordinates
of the specified plane. The middle of the segment AB
(Fig. 3), where the points A(—a,0) and B(a,0) are
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given, and the point C(x,y) for which CA = CB, where
the value a is half of the segment AB = 2a.

From Fig. 3 it is clear that the point C is taken
incorrectly with respect to the coordinate axes (and in

fact cannot occupy such a position) [8].
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Fig. 3. To determine the parameters of an equilateral triangle
in the XOY plane [8]

It is necessary to find the geometric location of
points perpendicular to the segment AB and passing
through its midpoint. accepting the segment AB as one
of the coordinate axes for the abscissa axis and choosing
the origin in the middle of the segment AB (Fig. 3),
where the points A(—a,0) and B(a,0) are given. It is
necessary to find the location of points C(x,y) for
which CA = CB. The value a is half of the segment
AB = 2a.

Due the Fig. 3, point C is taken incorrectly (and
really cannot occupy such a position). We find the
geometric place and compose an equation that the
current coordinates xand y would satisfy to:

CA=CB4)

Let’s express CA and CB through the coordinates.
The distance CA between A(—a,0) and C(x,y), where
we have CA = \/m, and the distance CB
between B(a,0))and C(x,y) - is the expression CB =
m . According to condition (4), it is equal

to

Vi +a)? +y2=/(x—a)? +y? 5)
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And to determine that for this line we simplify the
expression (5) by squaring both parts, we have

(x +a)? +y? = (x—y)* + y?

and after opening the brackets and reducing similar
terms it is equal to:

4ax=0(6)

From that it follows that a # Oand represents the
ordinate axis at x=0, which is perpendicular to the
segment AB and passes through its midpoint and is the
perpendicular drawn through the midpoint. The value
of the height of an equilateral triangle is considered
when finding the center of gravity of triangle ABC in
the coordinate system we find the geometric location of
the point A, the sum of the squares of the distances of
which to the vertices A and Bis twice the square of the

distance to the vertex C.

Fig. 4. To determine the main parameters of
an equilateral triangle [ 8 ]

Accepting the segment AB as the abscissa axis,
where the origin of coordinates O is in the middle of
AB and the vertex of point C lies on the ordinate axis.
The distance 0C is the height of an equilateral triangle
and is equal to av3 and thus we have ({0, av3). Since in
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the value av3, where a is half the tolerance of the radial
deviation, then V3 - this value would be corrected,
similar to the tables of the values of the reduced
coefficients of various designs of rolling bearings when

determining their service life [8,13]

Conclusion
1. To improve the reliability of rolling bearings, such
parameters as the kinematic accuracy of the chain, the
quality of the gear chain of the gearboxes, the resulting
torsional and bending vibrations and their ways of
increasing the strength reliability using the original
design of quality control of bearings are taken into
account [15].
2. In order to reduce torsional and bending vibrations
in the kinematic chain of helicopter gearboxes, it is
recommended to use a modification of the involute
profile and the technology of the Reishauer company,
which reduces the harmful effects of deformations
occurring under the working load and increases the
reliability of the helicopter gearboxes [7].
3. The methods of analytical geometry for two-plane
control of rolling bearings - radial and axial clearances
were used with the help of the original design of the
device (Patent No. AR20058182A, GO135/14), Georgia

4. The advantage of the device with a rocker-lever
mechanism is the gap-free movement with a changing
force, which ensures high accuracy of measuring the
radial deviation, and based on the output of the
analytical geometry result, the axial deviation is
determined and is equal to aV3, where a is half the

tolerance of the radial deviation.
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