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Abstract. The new approach to profiling of the tool for processing of parts with periodic not evolvent 
profiles are considered in the article The discriminatory analysis of periodic profiles including repetition of 
profile both in the plane of perpendicular axis of part, and in the plane of passing along part of axis is 
offered. In the basis of the offered profiling method the idea of space shaping by rated surface of product of 
tool surface lies. The big advantage of the offered approach in profiling is its combination with the analysis 
of parameters of process of engineering work. It allows to predict the accuracy and surface quality of 
product with not evolvent periodic profile. While using the offered approach the pinion cutter for processing 
of wheels with internal triangular teeths and mill for processing of the screw of the counter of consumption 
of liquid, complex profile of which consists of several formings, have been received 

1 Relevance 
In modern mechanical engineering, the products 
containing complex periodic not evolvent profiles which 
are widely used to torque transfer in set of mechanisms 
of machines and devices. Variants of form of profiles 
vary widely. In addition to traditional evolvent profile 
(cogwheels with evolvent teeths, connections with the 
help of involute splines) the triangular, cycloidal, 
trapezoidal and other profiles are also widely used. (fig. 
1) It is caused by constructive purpose of certain 
mechanism and advantages of each of profiles. For 
example for cycloidal profile it is the possibility of 
essential change of contact ratio, reduction of quantity of 
teeths on gear wheel, without possible cutting, reduction 
of sliding speed of profiles; for triangular one it is the 
transfer of big torsion torques at thin-walled plugs and 
hollow shafts; for spindle gearing it is bigger gear ratio 
in planetary reducer at rather high efficiency and 
compactness of transfer. [1,2] 

The great variety of helicoids of different profile is 
applied in products of the machine-building direction. 
The main advantages of screw mechanisms are the 
constant gear ratio, the possibility of obtaining large 
axial forces, the ease of achievement of self-braking, 
high accuracy of movement, reliability and durability. 
Helicoids (fig. 1) can also be attributed to periodic 
profiles on a number of grounds, such as the presence of 
a complex profile, which is repeated with a certain step, 
but unlike the gear and spline teeth and joints, it is 
repeated in the plane passing along the axis of the 
product. In these products forming may consist of a set 
of straight lines and curves of the second or more orders 
of magnitude. The products with a helical surface are 
also received by the method of running-in which can be 
both with axis of gravity and without it. When 
processing helicoids the probability of undercut of 

profile of product is high that it is necessary to predict 
and to take into account when designing the tool. The 
kinematics of processing of helicoids is much more 
difficult than toothed and slit ones which complicates the 
process of profiling of the tool and increases the terms of 
its design. [3] One of the most complex and labor-
consuming tasks of tool production is profiling of the 
tool for processing of periodic not evolvent profiles. The 
peculiarity of the design of the tool is caused by the lack 
of unambiguous compliance between the profile of the 
tool and the profile of the forming surface in any of 
sections. Even more complex problem is the solution of 
a number of the related to profiling tasks of optimization 
of receiving the profile of the tool and machining 
process. For example, the definition of the admissible 
errors of the installation of the tool on the machine, the 
definition of the admissible tool wear. The particularly 
important this question becomes in the process of 
designing of the instrument for products with a helical 
surface. [4,5,6] 

At the same time the conditions of a rigid 
competition require reducing the time for project works. 
Therefore, the fundamental criterion for new profiling 
methods should be the ability to create computer-aided 
engineering systems. The existing profiling methods, 
which differ in degree of formalization and mathematical 
description, are not always fully amenable to full 
automation due to inherent contradictions in them. The 
poor use of computer-aided design tool in domestic 
engineering affects the quality and cost of the final 
product seriously. [4,5,6]  

The optimal solution for automation of project works 
are interactive software systems in which the possibility 
of active interaction of the designed system with the 
person is laid. 
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Fig 1. Fragment of the general classification of periodic profiles. 
 

2 A method of profiling of the tool for 
periodic not evolvent profiles  
The machining process of complex periodic structures is 
characterized by a large number of different processing 
methods and their variants, the complexity of profiling 
of the cutting edges of the tool, high requirements to 
surface quality and to kinematic accuracy and errors of a 
profile even at the preliminary stage of formation. 

In the integrated analysis method, the mathematical 
model of processing by cutting includes the description 
of the movement of the elementary site of the edge of the 
cutting tool  in the space of formation, the calculation of 
kinematic changes of face and back angles, the thickness 
of the cut-off layer, the determination of the components 
of cutting forces, the wear of the elementary site of the 
cutting edge, the determination of the errors of 
machining and the figures of the quality of surface.[7,8]  

The diversity to a complex method of the analysis of 
the shaping of periodic profiles gives that circumstance 
that each microelement of the studied space has at the 
same time geometrical and physicomechanical properties 
of a part and of a tool, possesses functional and space 
assignment and a certain time span, contains the 
framework of the model used is the ability to control the 
shaping in accordance with the specified objectives and 
constraints. The qualitative indicators of a rated surface, 
the cutting modes, parameters of the unit of the tool, the 
time of processing and the cost value can be refered to 
the latter. [7,8,9]  

The method is based on the description of the process 
of shaping, or processing of a tool by not evolvent 
periodic surface, where the directing lines of a rated 

surface act as the cutting edges. For each site of a 
periodic not evolvent profile there is the thickness of the 
cut-off layer close to zero at the point N (fig. 2). For 
each posion of a hollow of a wheel on a certain 
elementary site of an initial profile of a hollow the point 
with thickness close to zero will be one. This point can 
be considered belonging to the treated surface and the 
tool surface, and its coordinates are adapted coordinates 
of the tool profile. [8]  

 
Fig. 2. The scheme of determining of the position of the hollow 
of the wheel 1 relative to the tooth shaping cutter 2 when 
profiling. 

The schematic of the formation of the generating 
surface is reduced to the output expression for each 
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coordinate that defines the position of each point of not 
evolvent periodic surface at any moment in time of 
formation. In this case, all movements are performed by 
the nominal surface periodic not evolvent profile. This 
scheme of shaping is constructed by sequential 
transformation of the original expression that defines the 
initial profile of the nominal surface. In the process of 
creating the schema of shaping there is a need to change 
the direction of the axes or move the center of the 
coordinates. This is accomplished through the rotation of 
one of the planes and the movement the whole system 
along the axes. The transformations used to build a 
scheme of forming are divided into 2 types. (table 1). 
[10,11]  

Table 1. Transformations for creation of the scheme of shaping  
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where xn-1, yn-1, zn-1- the function equation received 
from the previous transformation;  

ψn- value of the parameter corresponding to the 
current transformation. 

The index n denotes the sequence number of the 
conversion. The direction of rotation in each case is 
determined by a parameter that can increase or decrease. 

The input data of system are: the upper bound and 
the lower bound of sets ψ1, ψ2,…,ψn the direction of 
change (increase or reduction).  

Transformations at such operations differ only in the 
fact that the parameter for creation has the fixed value.  

This approach just allows mathematically to provide 
practically any kinematically difficult scheme, and also 
to use it for creation of software systems.  

Not evolvent periodic profile is set in the edge 
section. The forming of all profiles applied in 
mechanical engineering is described by widespread 
algebraic curves (a straight line, a circle arch, an 
epicycloid, spirals, an evolvent, etc.) (table 2). The use 
of such task of forming allows to find any quantity of 
points of the line of contact of a tool and rated surfaces. 
[10,11]  

The profile received by the results of the offered 
technique is used further for the solution of a direct task 
- forecasting of parameters of processing by the tool of a 
rated surface. In the course of the solution of a direct 
task they receive the values of components of force of 
cutting which are then used in the basis of obtaining 
values of accuracy and roughness of the product. In the 
mathematical apparatus of the solution of a direct task 
the rigidity of technology system and the deformations 
arising in it, their influence on accuracy and roughness 
of the product are considered 

Consecutive application of the offered method of 
profiling of the tool for not evolvent periodic profiles in 
combination with the mathematical apparatus solving a 

direct problem allows you to make adjustments to the 
tool profile taking into account elastic deformations of 
the technological system. It will lead to the improvement 
of the quality of the made products - to decrease 
roughness and to increase accuracy 

Table 2. Examples of the algebraic curves in a parametrical 
form used for creation of the forming line in the edge section of 

different rated surfaces 

Scheme of curve plotting Equation of a curve in a 
parametrical look 
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Fig 3. IDEF-0 chart of process of profiling of the tool. 
 

For a more visual demonstration of the stages of 
profiling with the subsequent forecasting of parameters of  
the processing of periodic not evolvent profiles the chart 
of process of profiling of the tool is presented on fig. 3. 
The process of profiling of the tool is combined with 
the analysis of parameters of process of cutting that 
allows to improve the accuracy and surface quality of 
the products with periodic not evolvent profiles. [12, 
13]  

The creation of the profile of the rated tool surface 
and its correction, definition of the modes of 
processing, the number of passes, the material of the 
tool and the model of the machine at which it can be 
reached, the precision and qualitative characteristics of 
the processed products set by designers of machine-
building productions with periodic not evolvent 
profiles is a consequence of implementation of this 
chart. This makes it possible to reduce the normal time 
for the existing technological process, as well as to 
determine the optimal values of output parameters for the 
new technological process of processing of the product. 

3 Conclusions  
A new approach to profiling which is based on the spatial 
process of forming the nominal surface by the tool one 
with the further analysis of parameters of processing by 
cutting  is offered The profiling method uses the 
mathematical apparatus adaptable for creating CAD 
programs. As a result the combination of making and 
rated surfaces is visually controlled with an accuracy of 
10- 6 mm. It is collectively with the following analysis of 
processing allows to find the optimal combination of the 
tool profile , the parameters of the nominal surface of the 
settings of the tool and parameters of the treatment 
process. 

The proposed approach provides the reduction in 
financial and time costs of design of the tool and  the 
increase in  the accuracy and performance, significantly 

reducing the implementation of the time of technological 
processes. In the environment of mathematical and 
software methods the pinion cutters for a wheel with 
internal triangular teeths and mills for the liquid 
consumption counter screw were profiled (fig. 4, fig. 5) 
[14]. 

 

Fig. 4. Results of profiling of the pinion cutter for a triangular 
profile. 

 

 

Fig. 5. Results of profiling of the mill for the liquid 
consumption counter screw.  
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