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Content abstract:

This design is mainly introduced the rotating drill luffing mechanism design
of hydraulic cylinder. The design of hydraulic cylinder including ensure pressure
system of the hydraulic cylinder piston, piston rod diameter and the diameter and wall
thickness and diameter of hydraulic cylinder cylinder, the thickness of the calculation
of the length, and the cylinder piston rod stability of calculation. In this thesis, by the
use of traditional design and computer-aided engineering CAE , firstly based on
experience of the formula calculation to determined the installation scheme of the
hydraulic cylinder, design size parameters of hydraulic cylinder piston and piston,
Check the matching of connecting bolts, pin shaft, etc.;complete the design and
calculation of the range and angle of hydraulic cylinder. Then by the use of
AutoCAD,Pro / MECHANICA platform, Complete all parts of the hydraulic
cylinder 2d and 3d modeling.The analysis data verificated the previous design, at the

same time ,applied references for further Optimal Design and Series Design.
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The luffing hydraulic cylinder Variable Angle of hydraulic cylinder,
AutoCAD Pro/Engineer
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Bolted joints for very large bearings—numerical model development
Aurelian Vadean *, Dimitri Leray , Jean Guillot
aDepartment of Mechanical Engineering, Ecole Polytechnique de Montreal, P.O. Box 6079,
Station Centre-Ville,Montreal, Québec, Canada H3C 3A7
bL aboratoire de Genie Mecanique de Toulouse - COSAM, INSA Toulouse, 135 Avenue de
Rangueil, Toulouse Cedex 4, 31077, France

Abstract

The conventional theory of bolted joints does not take the complexity of externa loads into
account, neither its related joint stiffness nor the contact non-linearities. This article deals with a
2D numerical model allowing fast and precise calculation of the fastening bolts for very large
diameter bearings subjected to an overturning moment. The originality of the modelling liesin the
use of a particular nite element that behaves like a ring, except in the axial direction. Its axial
stiffness is the loca stiffness that governs the behaviour of the bolted assembly. The model was
tuned upon 3D ?nite elements simulations and provides excellent results for severa types of
bearings.

Keywords: Bolted joints; Numerical model; Slewing bearings; Finite elements analysis
1. Introduction

Providing fast and accurate results is one of the chalenges of practical engineering mainly

during the early stages of the design process. The manufacturers of different mechanical systems
involving bolted joints need suitable calculation models that allow integrated solutions. Numerous
models approximate the parts and bolt stiffness using cones,spheres, equivaent cylinders or other
analytical models [1-4].
According to the conventional theory, which was originally developed for loads that are centred or
dightly off-centre, the stiffness of the member is constant. However, ?nite elements simulations as
well as experimental results showstrong non-linearities due to the changing contact area [5-7]with
the externa load. Stiffness non-linearities were studied by Grosse [8] and Guillot [9] and they
propose a non-linear model but only for plate-like con?gurations.

Another weakness of the conventional theory lies in the way the so-cdled load factor is
calculated. The load factor tries to measure the amount of the externa force which is transmitted
to the bolt. The location where external forces are applied on themember governs the load factor
and the way themember stiffness is distributed. Zhang [10] developed a new analyticmodel of
bolted joints and takes into consideration the stiffhess reduction associated with the residual force

on the assembly, compression deformation caused by external force and dimensions changing due
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to member rotation. This model has its limitation and is not applicable to bolted assemblies when
the members are of different geometry or when the external forces are not symmetric about the
member interface.

The speci?cmodel we are proposing for large bearings can serve as base for a genericmodel of
circular ?anges which can take into account the different non-linearities as well as different
con?gurations or geometries by appropriate stiffness distribution.

2. The dewing bearings

The model this article proposes is suitable for speci?c bolted joints for large diameter bearings.
These large bearings (up to 13m(43 ft)) aso called “dewing bearings’, are used for cranes, radar
dishes, tunnel-boring machines, etc. The two bearing rings are clamped to the main frame by
preloaded high strength bolts. One or both rings are provided with gear teeth to enable the swing
drive to operate. The connection is like a thick and narrow cylindrical ?ange on a very rigid frame
fastened with alarge number of bolts.

Another particularity of the system is the important and variable overturning moment. The
bearings are subjected to radia and axia loads of same importance. The three types of bearings
under study, ball bearings, crossed-roller bearings and three-row roller bearings, are presented in
Fig. 1.

Due to the complexity of structure and the particularity of bolted joint loading, neither
traditional models nor non-linear models are appropriate.

Thus we have developed a new model that takes into account simultaneously the bending
stiffness in the axia direction with shell elements and in radia direction with tube-like elements.
Furthermore, the tube elements were modi?ed to consider the characteristics related to the
behaviour of preloaded bolted assemblies. Therefore, the modelling process lies in the de?ition
of an origina “hybrid” ?nite element.This element has the general behaviour of a ring except for
the axia direction where its stiffness is related to the local stiffness that governs the behaviour of
the bolted assembly. Meshing the ring with several elements allows taking into account non-linear
stiffness distribution in the assembly and in particular the effect of the load application height. The
evolving contact areais modelled by contact springs and using

an iterative solving technique.
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Fig. 1. Slewing bearings.

3. Modelling and assumptions

The speci?c loading on these systems is an off-centre axial load (a normal crane loading type)
resulting in a large overturning moment. This will build up an internal load on the bearings
grooves (as shown in Fig. 1). At this stage of development, the intensity of the external load is not
important. It is suf?cient to apply the same loading on both models: the 2D numerical model and
the 3D ?nite elements model used to tune the ?rst one up.

To build the numerical model, several simpli?cations were made:
« for modelling purposes, we consider only the most loaded bolt and the associated sector;
« the outer ring only is modelled. Thus the external forces are replaced by the rolling elements load
as
an equivaent load which increase the working load on bolts;
« the loading as well the formulation of the speci?c elements are considered axisymmetric;
* the mounting is considered extremely rigid.
Fig. 2 presents the principle underlying the new modelling. On the left-hand side is the sketch of

the numerical model and on the right-hand side is the equivalent ite elements model.

Equivalent
Load Fe

Hybrid Elements -~
3DOF/node

Plate Elemeants
2DOF /node

Bolt - Beam

Contact Springs
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Fig. 2. Modélling principle.

As Fig. 2 shows, the bearing ring model consists of three types of elements:
a. The plate e ements based on the circular-plate model as described byVadean [11] and devel oped
from Roark’s analytical formulas [12]. They are axisymmetric elements with two DOFs/node (y
trandation and z rotation) and their role is
« to represent the ring bending according to the axial direction OY;;
* to characterize displacements and particularly the boundary separation of the ring from its
mount-ing. Coupled to springs elements they are able to model the variable contact zone between
the ring and the mounting according to the preload installed and the externa load applied.
Conseguently to different contact status, the stiffness matrix will be adjusted and a non-linear
loading of the threaded element is produced.
b. Theso-called hybrid elements which make it possible to take into account the part compression
stiffness, as well as the speci?c bending stiffness of a tube along radia direction OX. The three
DOFs per node enable the structure to be loaded with a force system equivaent to the external
load Fe.
c. The spring elements that model the contact with the mounting. They characterize the elastic
behaviour of the interface and the unilateral contact. Springs stiffness will be a parameter of the
model tuning.

The bolt has the formulation of an equivalent beam as described later in this paper.

3.1. Determining the axial stiffness of the bearing sector

In order to calculate the axia stiffness of the bearing sector we have used the improvement
made by MASSOL [13] to the formulation of Rasmussen [14] for an elementary cylindrical
assembly (Fig. 3).

The calculation of the equivaent section, noted Ap, makes it possible to determine the Kp

stiffness of the parts. The relations used are

\ - . €0.35,/I" +./@+2")- U
A =L a- D;?)+0.61(D2 - )tan"* & 5\/—p \*/2( *Zp) 7 )
) 8 2'04(Dp - D) H
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Dp

Da Ap
7 -
E—o Ip1 ]
- Ip2 Ip
E P =

=l Tl |

]
i

==

Fig. 3. Dimensions of an elementary assembly.

Fig. 4. Dimensions for the axia stiffness sector calculation.

with the following dimensionless quantities:

A*p :i; D* :& Dt* :& |* :l_p
Da P Da Da P Da

In the case of our bearings, the sections are not circular. Overal dimensions X and Y are
considered as indicated in Fig. 4.
If the diameter
Dp=3*Da (3)
is not inscribed in the sector section, the following expression is used:
Dp=(x+y)/2 4
The total axial stiffness of the sector is calculated with Egs. (1) and (2) considering the length Ip
equal to the height of the bearing ring. Axia stiffness Kp as well as the equivalent section Ap is
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thus obtained considering the whole angular sector.

3.2. Hybrid elements

As shown in Fig. 2, the bearing ring is meshed using three hybrid elements in relation with the
three main parts: one element is assigned for the part between the upper surface of the ring and the
load application origin on the raceway; a second element is assigned for the reduced section
determined by the bearing raceway and a third for the lower part between the raceway and the

mounting. The intermediate nodes face the rolling elements contact points, so that the external

force is applied to one of them.

|

r — average radius of element

t —radial thickness of element

L - height of element
u,v, ?—DOFsin loca CS

Fig. 5. Parameters of tube (cylindrical shell) element.
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Fig. 6. Cylindrical shell element matrix.

3.2.1. Hybrid element stiffness matrix

Due to the relatively lowradial thickness compared to the outer diameter and to the height, the
behaviour of the outer ring is similar to a tube which isloaded on its inner surface. The degrees of
freedom of an elementary tube as well as the principa parameters are showed in Fig. 5. Its
representation is based on ageneral formulation of a cylindrical shell [15].

For our bearing, it is important to take the speci?c bending of a cylindrical shell into account,
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as well as the radial displacements, produced by a radial force (or load component). The general
stiffness matrix of such element according to Rockey [15] is shown in Fig. 6, where al terms kij
are expressed using ther, t , L parameters (Fig. 5), E—Young's modulusand —Poisson number.

The gtiffness matrix of the hybrid element is based on the formulation of the cylindrical shell
element.In order to model accurately the axial stiffness, the lines and the columns corresponding
to the tensile terms in the matrix of the cylindrica shell element have been replaced by the
corresponding terms from abeam formulation of equivalent stiffness. The coupling terms were set
to zero because of minor in?uence
as numerical tests had shown.According to the coordinate system of the global model and for
numbering control reasons a coordinates transformation procedure on the matrix presented in Fig.
6 (given in local coordinates) was applied.

In the global CS, the tensile DOFs of the tube element matrix are the vi terms (lines and
columns). The transformation of the matrix to obtain the ?nal form of the hybrid element matrix is
presented in Fig. 7.

The Ap section area in the new terms is the equivalent cross-section calculated using improved
Ras-mussen’s formulation [14] presented previoudly.

Furthermore, in order to consider the height of the point load application, the total axia
dtiffness (or opposite, the 7exibility) must be distributed among different elements in a
non-uniform pattern as discussed in Section 3.3.
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- Lines and Columns to be modified in the tube element matrix

I:] - Lines and Columns modified to obtain the hybrid element matrix
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Fig. 7. Transforming of tube element matrix into hybrid element matrix.

3.3. Considering the origin of application of the externa load

Fig. 8. Schematic representation of bolted assembly.

The location where external load is applied, as shown by Guillot [9] and more recently by

Zhang [10],has a mgjor in?uence on bolted assembly behaviour and on computed values of tensile

force and bending moment supplements of the threaded element. For an axial load, the bolted

assembly can be represented schematically as
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shown in Fig. 8.

Fig. 9. The real zone of compression.
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Fig. 10. Determination of the adapted ?exibilities.

It is known that the external force induces in the bolt a force supplement, compared to the

initial state of the preload Q. The total working force in the bolt Fb is

Fb=Q+Sp2* Fe/(Sp+Sb) ®)
with the total ?exibility of the part
Sp=Sp1+5p2 6)

What complicates the computation is that the part ?exibility is not uniformly distributed across the
thickness. In fact, the image of the compressed zone under the
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head of bolt, up to the mating plane,appears as a volume approaching the shape of a truncated
cone (Fig. 9).

To fairly accurate the real situation, an appropriate algorithm is used to calculate the ?exibility
of acompressed part. Part could be made by two or multiple partitions. Considering a two parts
partition case (Fig. 10), the methodology is as follows:

1. Cdculate Ap cross-section by improved Rasmussen's formulation [14], then total part

?exibility

Ap? Sp=Lp/ApEp (7)
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