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Summary. The solution of the problem of
constructing three-dimensional models of the spindle
node of multioperational machine tool for model
SF68PF4, using the module APM FEM, integrated in
CAD KOMPAS-3D. Estimations of the stress-strain state,
allowing to identify ways to improve the design of two-
bearing spindle node. The analysis features 3D-models
applied conic gears with circular tooth.
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INTRODUCTION.

Effective Editors 3D-modeling machine tool put
into practice. Recently progresses integrated CAD
KOMPAS-3D [7, 8, 18], equipped with its own
parameterization module and study of stress-strain state
of APM FEM, using the finite element method. [13, 22].

Along with the geometric modeling necessary to
conduct a comprehensive technical analysis of the
designed object using the tools CAE-analysis, and
implementation of complex calculations on strength and
stiffness criteria. We need a program which gives an idea
of the tense-deformed state shaping machine parts and
assemblies. This software package is known for
CADI/CAE system APM WinMachine [23, 24].

Starting with version KOMPAS-3D v.13 its
structure integrated module APM FEM, are part of a
single development environment and analysis with the
use of associative geometry model, a single library
materials and in common with KOMPAS-3D interface [5,
17].

The aim of this work is to improve the
effectiveness of the procedures the study of feasibility of
forming properties of products due to the construction of
solid models spindles and evaluation of elastic-
deformation characteristics spindles multioperational
machines equipped with modular accessories.

PUBLICATION AND METHOD ANALYSIS

Spindle units as the final link main drive of the
machine are evaluated on a set of criteria: load capacity,
accuracy, rigidity and reliability. There are a number of
works that use approximate and refined methods of
calculation, based mainly on the use of matrix calculus
algorithms and numerical methods of initial parameters.
For spindles of machine tools known types of circuits that
allow to represent them in the form of individual modules

of machine while achieving reduction in design time [6,
12, 14]. The use of these schemes involves constant
reference to the designer of automated directories
(databases), containing relevant information: the
templates spindles, bearings directories, reference
materials and other standards of accuracy.

The most common view of the spindle assembly [2,
3, 4] and refined using approximate methods of
calculation, considering it as a deformable linear system
in which the movement of the spindle units is expressed
as a linear function of the applied forces can not solve a
complex task. The main differences multioperational
machines formed by the presence of specific sites and the
principle of their construction, without the usual "hard"
kinematic relations between the nodes of the machine [9].
One of the most critical parts of multioperational
machines spindle, which depends on the perfection level
of competitiveness of the designed equipment.

OBJECTS AND PROBLEMS

The purpose of the work is an improvement of the
process of the designing the multioperational machine
tools on the base 3D-modeling and increasing level
accounting procedures at estimation stress-deformed
conditions.

THE MAIN SECTION

The effectiveness of the process of creating
machine tools depends on the quality of the forming units
[19, 20]. The spindle unit (SHU) is the executive unit of
the support system of the machine has a decisive effect
on the stiffness, vibration and performance of the
machine itself. Evaluation of the accuracy of the spindle
assembly is carried out taking into account the part that
contributes to the overall SHU error handling. These
studies have shown that the formation of indicators of
the accuracy of relative position of surfaces and form
accuracy influence spindle unit is 50 ... 80% and 60 ... 90
% in the general distribution of precision machine. To
analyze the performance design, selection of the optimal
variant of the project and study the finite element method
created 3D-model of the machine tool SF68PF3 (Fig. 1)
with an angular spindle head (Fig. 2) in the CAD
KOMPAS-3D [10, 11, 20]. Angle head machine tool
SF68 allows you to expand the technological capabilities
of milling-boring machines. Angle head is used for
processing the grooves and ledges arranged in confined
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areas blanks planes. It implements a high-frequency
treatment at a rotational speed up to 4000 min™ with the
possibility of rotation angle of the spindle 360° in a
horizontal plane. Moving from vertical spindle to spindle
head angle is transmitted through the bevel gear. The
most typical operations carried out with an angle head is
milling of planes, grooves and ledges end mill. This head
is equipped with a standard size set of end mills with a
diameter in the range of 3 ... 25 mm.

Spindle angle head is mounted on two supports:

Front - 3182108 bearing - double row radial roller
with short cylindrical rollers with tapered bore inner
rings. The direction of perceived loads - radial. Allow
adjustment of the radial clearance. Bearing complies with
GOST 7634-75.

Rear: - bearing 246205 - ball bearings double, the
outer ring which face each other wide ends, contact angle
a = 26°. The direction of perceived loads - radial and
axial both sides.

Set of bearing locks the shaft and carcass in both the
axial direction and provides a rigid fixation of the angular
shaft than the corresponding bearing 346205. Bearing
complies with GOST 832-78.

Fig. 2. 3D-model of the angular spindle head

In the process of constructing complex 3D-
assembly was carried out construction of 3D-models
of parts and assemblies belonging to the spindle

(Fig. 3).

Fig. 3. 3D-model of parts and assemblies for the
spindle

A comprehensive technical analysis of the stress-
strain state of the machine spindle SF68 (Fig. 4a) is
feasible with the help of the module APM FEM [18],
equipped with a generator of finite element grid within
the SAE - library that implements the solution of
engineering problems using finite element method
(FEM). The design process is carried out fixing the front
and rear supports and set applied loads (4b); determined
by matching edge (finite element analysis for the
assembly); generates a finite element grid (Fig. 4c) by
MT Frontal (c multi-core processor); calculates and
viewing the results in the form of maps of stresses and
displacements. In the course of the FEM it is possible to
assess and analyze the partition at various depths of view
(Fig. 4d).

The module APM FEM implemented all of the
above actions and obtained:

- field Mises equivalent stress (the fourth strength
theory) as shown in Fig. 6;

- the displacement field (Fig. 7) on the set of sections
of the spindle;

- a safety factor of yield strength (Fig. 8).
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Fig. 4. Procedures for the finite element method: a — 3D - model of spindle, b — supports and loads acting on the

spindle, ¢ — finite-element grid, d — the depth of view

Fig. 8. Safety factor of yield strength

Features 3D - simulation gears

Modern CAD elements can simulate certain types
of transmissions with sufficient accuracy visualization
working surfaces (bevel gears, worms, pulleys, and so
on.). In the simulation of bevel gears with circular tooth
imaging is not complete - the teeth (or rather - cavity
between them), the system does not generate, so these
models are highly conditional [1, 15, 16]. For full 3D -
model bevel gear with circular tooth must use other
modeling techniques, one of which is shown below in
Example KOMPAS-3D.

Profiling is carried out by cutting a tooth cavity,
as is the case with the cutting teeth on the gear-cutting
machines tool by removing material. Virtually cut is
carried out on built and placed in the respective end
section using the command "Cut cross-section element."”

Fig. 7. The displacement field

Thus it is necessary to take into account the following
features circular teeth:

1. Along the cavity of the tooth is not stored
geometric similarity profiles (cross-section is constantly
changing in shape and size).

2. The trajectory is a spiral arrangement of
sections of the surface, so the section occupied by
complex spatial position.

The solution to this problem can be divided into
the following stages:

1. Determination of the spatial position of face
sections (planes on which they are based);

2. Calculation of additional geometric
parameters of the gear, which is constructed on the basis
of face sections;

3. The construction of cross-sections;

4. Actually cut.
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For geometric constructions, as well as the
calculation of the parameters of the equivalent cylindrical
wheel must be known the following information defined
in the standard geometrical calculations bevel wheel:

z - number of teeth of bevel gear;

d - pitch cone angle of the conical wheels;

m, - normal module;

Bn - pitch angle of the midline tooth bevel gear;

R - the mean cone distance;

h,; hg - the height of dividing head and legs of the
tooth, respectively;

04; 05 - angle dividing heads and feet tooth bevel
gear, respectively;

do - diameter gear cutting head;

o, - normal angle profile on the pitch circle of bevel
gears with circular teeth.

The position of each section is determined by the
cone distance R,, having their value taken for each
section. To obtain a surface cavity without sharp
transitions between the sections, it is less than five
sections.

In this outside section could be placed some distance
from the ends of the ring bevel gear (2 ... 5 mm), and the
average computing section for convenience be positioned
at the middle length of the taper of the distance R, then
the parameters in this section are the average calculated
for a conical wheel.

Positions of the planes, on which there are sketches
of the cross sections determined by the points of
intersection of the cylindrical surface (formed via the
"surface extrusion™) simulating the tool and having a
corresponding diameter (do) and the position in space
(with allowance B, and spiral directions), and the surface
of divider cone bevel gear.

Sketch of the cylindrical surface (circle) is built on
the plane tangent to the pitch cone bevel gear. Circle is
located so that at a point in the middle cone distance R
(usually a mid ring gear) between the tangent to the circle
at the point of the cone and passing through this point,
forms an angle B, (Fig. 9)

sektional plane

tangent plane

cylindrical plane

Fig. 9. Plane of section

Structural and geometric parameters of the
equivalent cylindrical wheel are calculated for each
section. Based on these data involute lining forming the
side surface of a tooth in cross-section (Fig. 10).

The thickness of the tooth (to simplify calculations)
is not calculated, and taken the graphical construction,
based on the angular pitch of the equivalent cylindrical
wheel. Experience has shown that when it is necessary to
further expand the cavity by an amount approximately
equal to the thickness of the upper allowance for the tooth
bevel gear.

Structural and geometric parameters of the
equivalent cylindrical wheel are calculated for each
section. Based on these data involute lining forming the
side surface of a tooth in cross-section (Fig. 10).
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Fig. 10. Structural and geometric parameters

The thickness of the tooth (to simplify calculations)
is not calculated, and taken the graphical construction,
based on the angular pitch of the equivalent cylindrical
wheel. Experience has shown that when it is necessary to
further expand the cavity by an amount approximately
equal to the thickness of the upper allowance for the tooth
bevel gear.

After the construction of all sections used the
command "Cut element on section” As a result, the
hollow wheel is formed (Fig. 11). Then, using the
command "array of concentric grid”, the number of
cavities is brought to the number z.

Sketches of sections

/‘/

Fig. 11. Scetches of section

This method allows 3D - models of bevel gears with
circular tooth with a high degree of similarity to the real
wheels. Trench profiling described method has some
simplicity and geometry errors, but they can be ignored,
as they are sufficiently small and do not affect the visual
perception of 3D - model (Fig. 12).
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Fig. 12. 3D - models of bevel gears with circular
tooth

CONCLUSIONS

1. A comprehensive study of the construction of a
specialized vertical milling and drilling machine the
second size models SF68PF3 using geometric modeling
in CAD and engineering analysis KOMPAS designed
object using the module APM FEM is realize.

2. Construct a 3D - model of the machine and its
formative nodes in the system KOMPAS-3D, which
gives a real idea of the design is the basis for design
calculations and research performance of the machine.

3. The analysis features 3D-models applied conic
gears with circular tooth is shown.
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3-D MOJEJIMPOBAHUE 1 NCCJIE[NOBAHUE
MMIMMHAEJIBHOI'O Y3JIA YI'JIOBOUM I'OJIOBKHA
MHOI'OOITEPAIITMOHHOI'O CTAHKA

O. Kpois, A. XMeTbHHUIIKAN

Annortanuda.  IlpuBeneno — pemeHue — 3amauu
MOCTPOCHUS TPEXMEPHBIX MOJeNel IMUHIENBHOTO y37a
MHOToonepanuoHHoro cranka wmogenn CO68IID4, c
HCIIOIb30BAHUEM MOZYJIA APM FEM,
unrerpupoBanHoro B CAITP KOMIIAC-3D. Ilonyuens

OIICHKH  HANPsHKEHHO-Ie(POPMUPOBAHHOTO  COCTOSHWSI,
MO3BOJISIIONINE HAMETHTh IYyTH COBEPIIEHCTBOBAHUS
KOHCTPYKLMHU ABYXOIOPHOIO IIMUHIENBHOIO y3J1a.

OtmeueHa ocoOeHHOCTh 3D-MonmenupoBaHUsS TIpH
MIPOEKTUPOBAHUM M pPACUETE KOHUYECKHX Iepenad ¢
KPYTOBBIM 3yOOM.

KiroueBnie clIoBa: yraoBas roJI0BKa,
WNUHIEIbHBIA  y3€l, TBepaoTenbHas wmojenb, CAIIP
KOMIIAC, moayns APM FEM.



