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The article deals with the problems arising during the shaping of complex profile tapered helical surfaces.
These surfaces form the geometry of the working bodies of single-screw miniature compressors, which have great
prospects for use in mobile miniature compressor plants, which is especially important for medical and space tech-
nology, robotics, oil and gas and mining industries. Due to the fact that the capabilities of existing CAD systems
do not allow obtaining three-dimensional models of these surfaces, the problem of preparing a control program for
a CNC machine arises, since the calculation of the tool path in CAM systems when processing complex surfaces is
impossible without a three-dimensional surface model. To solve the problem, an automated programming system was
developed that implements a formalized toolpath calculation in accordance with the proposed special processing
strategy for conical helical surfaces. As the initial data for calculating the toolpath, the system needs information
about the tool geometry and the helical surface in a parametric form, which makes it possible to abandon the
construction of a three-dimensional surface model. The results of processing prototypes for the proposed strat-
egy are given.
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Introduction. In many areas of industry, there is an increasing need for compact mobile com-
pressor units. Such facilities are particularly relevant for the needs of medical and space technology,
robotics, oil and gas and mining industries [6]. At the moment there are a large number of various
designs of compressors, but single-screw compressors are the most promising from the point of
view of compactness (Fig.1). As a working body in this design, a conical screw pair is used, which
consists of a conical screw rotor rotating inside a conical screw holder (Fig.2). Such a construction
was proposed in 1934 by the French scientist René Muano [5], the idea was implemented in 2016
by the Scottish company VERT Rotor [9].

A distinctive feature of this design is high volumetric productivity compared to other types of
compressors. For example, with the same output characteristics, a single-screw compressor with a
conical pair is 4-6 times more compact than a traditional twin-screw compressor. In addition, de-
vices of this type are characterized by low levels of vibration and noise. These features determine
the high potential of the single-screw design on the compressor equipment market [7].

Formulation of the problem. The main technological task in the production of a single-screw
compressor 1s the manufacture of a miniature conical screw pair. The geometry of the helical sur-
face of parts of a conical pair resembles the surfaces of the working bodies of gerotor pumps,
widely used in industry. Distinctive features of a conic pair are varying pitch, cross-section diameter
and eccentricity of the screw surface. Changes in pitch, eccentricity and diameter are related by
some functional dependencies that determine the characteristics of a screw pair (volume flow, com-
pression ratio, etc.).

The technological capabilities of most methods for the treatment of the screw surface of rotors
of gerotor pumps do not allow processing conical screw surfaces due to their design features: vari-
able pitch, eccentricity, and section diameter. Implementation of processing of this type of surfaces
is possible only due to processing with a non-profiled tool on CNC machines [2].
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Fig.1. Miniature single screw compressor
with conical screw pair
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Fig.3. Specialized CAD-system for the design of conical screw pairs

Processing a complex surface on a CNC machine involves the preparation of a control program
using a three-dimensional surface model. At the same time, the techno-log programmer chooses any
of the standard processing strategies available in the CAM system, which often do not allow to pro-
vide the required accuracy and surface quality [4, 8]. In the case of conical helical surfaces, the
creation of a virtual surface model is a very time-consuming task, which is not possible to imple-
ment in standard CAD systems. VERT Rotor, which is currently the only manufacturer of single-
screw compressors, has developed a specialized CAD system (Fig.3), which allows the operator to
set the required dimensions, compression ratio and tolerances. The software automatically creates a

screw surface model, which is a 3D CAD model that can be sent to the CAM package for pro-
gramming processing [10].
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When developing a control program
in the CAM system, the technologist has
only standard strategies, using which it is
not always possible to ensure the accuracy
and quality of the screw surface, while
maintaining sufficient processing per-
formance.

Special strategy for machining heli-
cal surfaces. A special strategy is known
for machining the screw surfaces of the
rotors of screw pumps [1], which allows
Fig.4. Screw surface treatment the machining of a screw surface with

by special strategy constant parameters of pitch, eccentricity
and diameter of the cross section of the
screw surface (Fig.4). The strategy is con-
venient in that it allows you to get the
tool's trajectory using a formatted algo-
rithm, which uses data about the tool ge-
ometry and the surface to be machined in
a parametric form. On the basis of this al-
gorithm, an automated programming sys-
tem was created, which allows to quickly
obtain the G-code of the control program
for a helical surface with arbitrary pa-
rameters.

In the case of using this strategy for
machining conical helical surfaces, it is

Fig.5. General view of the conical screw surface necessary to add dependencies to the for-

with round cross section malized algorithm, defining interrelations

of changes in pitch, eccentricity, and sec-

tion radius of the surface. For example, consider a variant of processing a conical screw surface
with a circular cross section (Fig.5).

The main operating characteristic of volumetric machines is the volumetric flow, which for
single-screw pumps is determined by the expression [3]:

Q = Shn, (1)

where S — effective cross-sectional area of the screw pair; # — screw surface pitch; n — rotor speed.
The effective cross-sectional area of the screw pair in the considered case of circular cross sec-
tion is determined as follows:

S = ded, )

where e — screw surface eccentricity; d — diameter of the screw surface.

The presented dependences are valid for a single-screw pump having a screw pair with con-
stant geometrical parameters, and are formulated from the condition of incompressibility of the
pumped substance. In the case of a single-screw compressor, the geometry of the pair should pro-
vide a certain amount of compression g, i.e. a certain degree of reduction of the working volume of
the ¥ chamber of the screw pair in the longitudinal direction:

€= V1/V2. (3)
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In this case, the working volume
is expressed through the parameters
of the screw profile:

y= %z Adeh. )
Using the given dependencies, as
well as considering the sketch of a
helical surface (Fig.6), we can write
expressions that determine the values
of the geometrical characteristics of
the helical surface in a certain cross
section, characterized by the value
of X. Thus, it was obtained the fol-
lowing equations for the geometrical
parameters of the helical surface:
D()=D, + 2L,
L
e =k, D(x); (5)
_ V)
~4D(x)e’

Experimental confirmation. In-
tegrating the functional values of the
geometric parameters of the surface
into the existing automated system
for calculating the tool path, we ob-
tain a control program for processing
a conical helical surface, which is a
text file with a G-code. The resulting
trajectory of the instrument is shown
in Fig.7.

The test machining of the screw
surface was carried out on a CNC
vertical milling machine equipped
with a rotary table of the HAAS
MINI Mill 2 model. A screwed coni-
cal surface with a maximum cross-
section diameter of 10 mm, a basic

D,
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Fig.6. Parameterized sketch of a conical screw surface
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Fig.8. Screw surface machined according to the proposed strategy

D,

pitch of 48 mm, a base eccentricity of 3.4 mm, a surface length of 100 mm was machined, screw
compression ratio € = 1 (without compression). Preparation material — alloy D16T. Cutting tool -
end carbide cutter for machining aluminum alloys with a diameter of 6 mm. The result of the test

processing is shown in Fig.8.

In addition, a number of prototypes of the screw surface were processed with various combi-
nations of geometrical parameters, involving different degrees of compression, with different ra-
tios of pitch and eccentricity (Fig.9). The experiments confirmed the efficiency of the proposed
processing strategy of a screw conical surface, and also showed the possibility of achieving high
surface quality while maintaining high processing performance.
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Fig.9. Examples of machined surfaces: a — geometry with a high degree of compression, polypropylene;
b — geometry with an oval cross section, D16T

Outputs. As a result of the research, a unique processing strategy for tapered helical surfaces
was developed, which was integrated into the automated programming system of the control pro-
gram for the CNC machine. The system allows, based on the formatted algorithm, to calculate the
tool movement path, relying not on the three-dimensional surface model, but on its parametric de-
scription, which allows not to perform time-consuming modeling of these surfaces in CAD systems.
Experimental processing of a number of surfaces with different parameters showed the effective-
ness of using the proposed processing strategy. It should be noted that the proposed strategy allows
the shaping of these complex profile surfaces using standard non-profiled tools on the available
four-axis equipment, does not require the use of five-axis CNC machines or any other specialized
equipment and tools.

In addition, it was found that modeling of the surfaces under consideration using standard CAD
systems is almost impossible, which in turn causes a number of problems associated with the metro-
logical evaluation of the accuracy of data processing of helical surfaces.
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