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Abstract

This article analyzes screw connection of slewing bearings to various structures of support
elements. The susceptibility of support elements to the load distribution in particular bearing
screws was examined by means of the Finite Element Method. The load values of screws and
their distribution around the perimeter of the combined bearing rings were also specified.
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Streszczenie

W niniejszym artykule dokonano analizy potaczenia Srubowego mocujacego tozysko wienco-
we do roznych struktur jego zabudowy. Korzystajac z metody elementow skonczonych, zba-
dano wplyw podatnosci podzespotow wsporczych na rozktad sit przypadajacych na poszcze-
goblne $ruby mocujace tozysko. Okreslono wartosci obcigzenia srub i ich rozktad po obwodzie
taczonych pierscieni tozyska.
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1. Introduction

In the construction of heavy machinery, large-size bearings called slewing bearings
are used to embed the body performing the rotation motion on the chassis. These bearings
are connected to the seats of a work machine with a pre-tight bolted joints. Fastening the
screws of slewing bearing rings to supporting structures is an important piece of the entire
mechanism of rotation which to a large extent affects the rigidity of bearing rings, while bolts
strength often determines the carrying capacity of the entire working system [8, 10].

Methods which are available in the literature for determining the slewing bearings load
capacity often do not include the impact of susceptibility of supporting components and
the bearing mounting bolts [1, 6]. These factors can only be taken into account by using
numerical methods.

The main cause of screw connections failure during the life of slewing bearings is believed
to be, besides material cause, insufficient rigidity of load-bearing elements in substantial
warping of the contact surface of the flange. In fact, a lot of devices, because of the limitation
of the height of the rotary node, fails to construct a sufficiently rigid framework stiffness
which does not change by leaps and bounds, which is the cause of the distribution forces
occurrence in the bearings considerably different from the projected. This is confirmed by
a series of experimental and simulative research presented in the works [2, 3, 5, 9].

In this chapter, distributions of forces in each slewing bearing fastening screws which
are built in different support components have been presented and compared (Fig. 1). Also,
points of excessive load carried by bearing which is working in components that do not
provide adequate support for the slewing bearing have been indicated.

2. Subassembly support and slewing bearing

There are several constructions of support subassemblies which have a differentiated
structure, shaped by reason of the load carried, type of installation, etc. This analysis focuses
on three different support components (Fig. 1). The supporting structures are different from
each other in the fitting of slewing bearing. The first and second support component consists
of a plate mounted on stringers which are made of plates welded together to form a closed
cross section box (Fig. 1a, b). In the third subassembly, a ring girder in the form of a thick-
-walled sleeve with a flange for mounting the bearing is used instead of a plate. All the three
support frame substructures have two planes of symmetry.

For the calculation, a catalog of single row slewing ball bearing of four-point contact is
assumed (Fig. 2) [7]. In this bearing, there is one row of balls and each ball cooperates with
two pairs of raceways.

The study analyzed bearings with the following parameters:

— rolling diameter d, = 1400 mm,

— balls diameter d = 40 mm,

— balls number z = 84,

— coefficient of balls to the raceway adhesion kp =0,96,
— nominal contact angle o, = 45°,
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— raceway hardness — 54 HRC,

— number of fastening screws — 36 screws M24-10.9 in each ring.
In addition, it was assumed that:

— raceway surfaces and the rolling elements have an ideal shape, and all parts of the roller
have the same diameter,

— materials of rings and rolling elements are homogeneous and isotropic.

a) b) c)

bearing mounting plate bearing mounting plate bearing mounting ring

Fig. 1. Frame without gussets near mounting holes requires thicker platel —model (a), Gussets
added near bearing mounting holes increase rigidity — model V2 (b), Gussets added
near mounting holes and ring replace plate for additional rigidity — model V3 (c)

Fig. 2. Four-point contact ball slewing bearing

3. Numerical computations

Slewing bearing is a complex structure. The computational model of the bearing was
made by means of the Finite Element Method (Fig. 3) [4]. The slewing bearing uses a large
number of contact zones (sometimes hundreds). To avoid an undesired increase tin he size
of the numerical model, a part of the rolling bearing is replaced by the so-called super-
-elements introduced, among others, in [8]. The main portion of the super-element is a rod
element with a nonlinear characteristic which is determined on the basis of a substitute
characteristics of contact zone [2].
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Fig. 3. FEM model of the subassembly support and slewing bearing with boundary
conditions marked

For the discretization of bearing rings, plate and girder ring gear, 8-node type components
3D-SOLID were used. The discretization of stringers components in subassembly support
was made by means of shell elements such as SHELL. In the geometric models, only the
most important elements that affect the rigidity of load-bearing frames were included.
In this study, it was assumed that the bolts are modeled by means of special beam elements,
which can be attributed to founded preload [4]. In addition, the following simplifications
were introduced:

— all walls and ribs were decided to be considered as the surfaces,
— gear of bearing rings was omitted,
— minor construction details, such as sealing grooves, lubricants holes, etc. were omitted.

One of the bearing construction girders, which is associated with the support component,
is called the support girder. The load is applied to the second grider called the load girder.
Conditions were defined between the respective surfaces of the bearing rings and the surfaces
of his mounting contact.

4. Analysis of the obtained results

Calculations were performed for all the three computational models designated as V1,
V2 and V3. The purpose of the calculations was to determine the forces acting on individual
parts of rolling bearing and bolts that attach the bearing to the support structures. This chapter
focuses on the analysis of the screw connection, while the load range of the rolling elements
was addressed in work [4]. In the analyzed types of supporting structures (V1, V2, V3),
different positions of the body during its rotation angle 0 are included. With the use of the
symmetry of tested models, analyzes were performed for the angle 6 = 0 — 90°. The load
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which was adopted for the calculation was the axial force Q =200 kN, and a cranky moment
amounted to M = 2000 kNm. This is the limit load resulting from the sheet characteristic
of load ratings [7].

Figure 4 shows the maximum load of the bearing mounting screws as a function of the
position of the load girder.

mog4%l V1 intemal bolts extemal bolts

Fig. 4. The maximum force in the bearing fixing bolts for the different positions
of the support subassembly (6 = 0 — 90°)

The presented results show that in the case of all the types of analyzed support structures,
the limit bolt load was exceeded (Fig. 4), which could result in damage of the bearing
raceway. In the accompanying drawings it can also be seen that in the case of models
V2 and V3, the largest load of bearing raceways exists for the body position of angle of
approximately 40°.
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5. Conclusions

The study indicates how important in the design of slewing bearings is the appropriate
design of bolted joints. It has been shown that in the analyzed screw connection, significant
changes occur in the load of each bolt connecting the bearing rings with the supporting
structures. This is important because often a carrying capacity of the whole unit determines
the strength of the bolts. The results of the mentioned analyzes indicate that the screw
connections of slewing bearing rings carry uneven loads, particularly in cases where it does
not have a sufficient rigidity of the supporting structure. If the limit values are exceeded
in any of the mounting screws, we need to change the design of the connection, i.e. select
bolts of a larger diameter or higher strength class, increase the number of screws or change
the design of the connection (to increase rigidity). Breaking of even one bolt in the connection
quickly leads to severing of the remaining screws, which ends with a serious failure of the
whole unit.

The analysis demonstrates the validity of numerical methods in practical engineering
calculations. It allows for the precise distribution of forces transmitted byeach bearing
rolling elements. Such modeling allows for the quick verification of all technological design
changes introduced to both bearing geometry and building structure.
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