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Abstract: Package of calculus, drawing and design of the
rolling tools for the manufacturing of the helical surfaces
within the structure of the helical compressors. The
estimation of the hobs or of the rake tools for the
manufacturing of the rotors of the helical compressors
represents a highly difficult task for the tool designers.
Starting with the construction of the calculus device and
the conception of some methods of quick verification of
the correctness of the analytical results, we performed the
analysis of all the steps involved in the process of design
and the automation of these procedures. Using the drawing
environment AutoCAD as a supportive element, we
transposed all the profiles involved in the process of
calculation and we designed graphs allowing the quick and
precise verification of the results obtained through
analytical methods; these are then used in the construction
of the tools and the simulation of the processes of
interaction between the rotor and the tool. This first paper
is dedicated to rack type cutter.
Key words: rolling tools; rack type cutter; methods of
profiling of rack type cutter; CAD for helical surfaces;
screw compressors.

paper presents some methods for profiling the rack type
cutter with the possibility to be used for inverse profiling.

2. METHOD OF ANALYTICAL
PROFILING OF THE RACK TYPE
CUTTER
The parameters of describing the parts including
the complex helical surfaces. The parameters
describing the helical surface are the profile frontal
and the helix. The profile is described by the polar
coordinates r, δ and ξ the angle between the polar
radius and the tangent to the profile in the point
(figure 1) [8].

1. INTRODUCTION
The rolling tools are very often used to define and to obtain
the profiles of helical compressors. The performance of the
screw compressor depends mainly on the tooth profile of
mating rotors. In literature of screw compressors analysis
of the rotors has been made by conjugation of surfaces or
rotors and synthesis of rotor surfaces with two lines of
contact [1]. The rack was proposed by Rinder [2] for
generation of rotor profile based on gearing theory. Later
Stosic [3] proposed a pair of rack-generated rotors in order
to open possibilities of optimization of screw compressors.
Also Stosic with his team [4, 5] treated the tools for
manufacturing of screw compressors and they presented
the rack type cutter. Wu [6] used a new possibility of
definition of the rotors by rack. With development of the
software CAD new method of obtain the rack profile is
presented in Berbinschi [7].
But for design of the hob and also the rotors with helical
surfaces must be created a package of calculus, drawing
and every engineer use different mathematical approach
and different structure of the software. In this sense the

Fig. 1. Gearing of the rotor and the rack with their
coordinates systems
Defining the basic rack-type cutter. The surface of
the basic rack-type cutter is described by the
rectilinear of its profile.
We attach a system of coordinate’s xcyczc in the
following way:
-The origin of the system is placed in the initial plan
from the intersection point 0c of the line 0c0c' which is
tangent to the initial cylinder of the part and the axis
xc of the system of coordinates xcyczc, joint to the
part; the axis xc0c is perpendicular on the initial plan
and it is oriented from the axis of the part to the
exterior;
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where: rr = 6mm, the initial radius of the part; - the
angle between the axis of the part and the axis Oczc of
the rake.
The formula of passing from the system of
coordinates xyz in the system of coordinates xcyczc is
determined by considering the basic deviations:
-the rotation with the angle around the axis 0x;
-the translation along the axis 0x:

-The axis zc is oriented along the tooth of the basic
rack-type cutter. The initial position of the profile is
considered in the frontal plan xc0cyc. This plan is
perpendicular to the direction of the teeth of the tool
and for this reason it is called a normal plan; the
corresponding profile is called the normal profile of
the tool. In order to solve the problems generating the
part in each point of calculus of the tool the following
parameters must be known: the coordinates xc si yc;
the angle c between the axis xc and the tangent to
the profile and the curvature radius of the profile c.
The sign of the angle c coincides with the one of the
derivate dyc/dxc, according to the relation tg c
=dyc/dxc, and the sign of c coincides with the sign of
the second derivate d2yc/dxc2.
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Replacing in these formulae the values of the
coordinates x, y, and z from the equation:
 x  r cos   

 y  r sin    

z  p


Fig. 2. The pitch tc of the teeth of the tool in the
normal plan xc0cyc is called normal pitch
3. THE NUMERICAL DETERMINATION

OF THE PROFILE OF THE BASIC RACKTYPE CUTTER

(3)

we obtain the equation of the helical surface of the
tooth of the part redressed in the system of
coordinates of the rack.

The numerical determination of the profile of the
basic rack-type cutter can be done by using the
geometrical method and analyzing the spatial gearing
of the helical surface of the part with the surface of
the basic rack-type cutter. Such a view on the laws of
gearing of the part and of the basic rack-type cutter
allowed the reduction of the generating problems of
the teeth parts. The figure 3 presents the helical
surface if the tooth part in gearing with the basic
rack-type cutter.
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Using the notations as:
   

 v  r sin 
u  r cos 

the equation (4) becomes:
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By cutting with a plane perpendicular to the y-axis (z)
curve is obtained the tangency between spatial curve
corresponding to the part, and straight line
corresponding to the rack. Expressing mathematically
this condition we obtain the following relations:

Fig. 3. Angle of the rack
The rake angle of the helix was noted with and its
value can be determined from the following relations:
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for profile of the rack.

The profile of the conducted rotor contains the
following curves (figure 5):
A2B2- circular arc with the radius r1 and the center in
the point O;

(8)

 x 2  r  cos   r2

 y 2  r  sin 

4. DESCRIBING THE CALCULUS PROGRAM
FOR THE DETERMINATION OF THE
PROFILES OF THE CONDUCTING ROTOR
AND OF THE CONDUCTED ROTOR

B2C2- circular arc with a radius r0 and the center with
a radius r2;

In term of the calculus methodology used for the
determination of the profiles of the conducting and of
the conducted rotor, a set of two programs was
created to estimate the points of the profiles of the
conducted/conducting rotor.
We started from the profile of the conducting rotor
which contained a number of 4 curves: E1D1- circular
arc, F1E1 – circular arc, N1F1- arc epicycloid, M1N1circular arc (figure 4).
The calculus relations used in the creation of the
program were the following ones:
For the curve M1N1- circular arc with the radius r and
the centre in O, on the circle of radius r1.
 x1  r  cos   r1

 y1  r  sin 

(13)
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For the curve N1F1- arc of epicyclic resulted from the
rolling of the point F2 on the circle with the radius r1.
Fig. 4. Profile of the conducting rotor
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C2D2- circular arc with the radius Re2 and the center
O2;

 x2   Re 2  cos 

 y 2   Re 2  sin 

(10)
For the curve E1F1 – circular arc with the radius r0 and
the center on the circle with the radius r1.

 x1  r1  cos 3  r0  cos  3 

 y1  r1  cos 3  r0  cos  3 

The section A2F2E2D2 is symmetrical to the axis OX,
the determination method of the describing
parameters of the frontal profile of the helical surface
is similar to the one used in the case of the
conducting rotor.

(11)

For the curve E1D1- with the radius Ri1 and the center
in O1 we have:

 x1  Ri1  cos 

 y1  Ri1  cos 

(15)

(12)

The section M1B1C1D1 from the curve is symmetrical
after the axis Ox, so the curves will have the same
analytical expression.
Considering that the angle is negative, the description
parameters of the profile were analogously determined
for the other extremity of the tooth.

Fig. 5. Profile of the conducted rotor
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-introducing the parameter describing the rolling
process. The rotation angle of the profile is used in
this case;
-correlating the movements necessary for the rolling
process, the rotation movement of the profile and the
translation movement of the rack and the generation
of the rolling. The correlation is realized through a
program in AutoLISP (two random positions of this
process were represented in figure 8 and figure 9).

5. THE MODEL OF GRAPHIC
ANALYTICAL METHODS TO
DETERMINE THE TOOL PROFILES FOR
THE MANUFACTURING OF THE
COMPLEX HELICAL SURFACES
The use of the graphic analytical methods implies
major difficulties due to the large number of points
necessary to describe the profile of the tools. In order
to support the work of the tool designing engineer in
the generating process and to use the facilities offered
by the AutoCAD environment, specific graphic
methods were conceived both for the profile of the
tools and for the generation of the helical surfaces.
The methods taken into consideration are based on
the principles of the methods used in the chip
removal process, known as: mobile straight line and
fix straight line.
The first method was followed by the creation in the
AutoCAD environment of a package of programs to
determine graphically the profile of the rack interlinked
with the profile of a complex helical surface, [9]. This
method includes the following steps:
-protracting the profile in AutoCAD by determining
its geometrical parameters through the analytical
calculus of the points of discretization of the curves
that generate it;

Fig. 8. The intermediate position 1 during rolling
movements
-removing the distance part from the rack for the parts
that overlap between the two elements to the point
where the rotor tooth jumps out of the rack rolling;

Fig. 9. The intermediate position 2 during rolling
movements
-comparing the profile of the graphically generated
rack to the analytically determined one (figure 10). A
strong correspondence can be detected between the
two profiles.

Fig. 6. The initial position of the rotor and rack
-representing a blank rack for which the reference
line is tangent to the rolling circle;

Fig. 10. Comparison between analytical and graphical
profile

Fig. 7. Start of rack movement
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Some of the disadvantages of the method presented
above consist of the fact that due the movement
executed by the rack, its shifting and the final position
will depend on the profile of the complex helical
surface; this will obviously make difficult the process of
comparing the analytical and graphic profile of the tool,
comparison based on the overlapping of the two profiles
in relation with the same system of coordinates. In order
to remove this obstacle, another method was designed to
allow the generation of the rack profile without
modifying the position of the rack. The program is using
the principle of rotation with a fix straight line, when the
profile of the rotor executes both the rotation and the
translation movement. This method involves the steps
below:
-Drawing the frontal profile of the helical surface in
the system of coordinates;
-Projecting a rectangle representing the blank of the rack;

Fig.
13. Comparing the profiles and determining the
maximal deviation

6. ANALYTICAL DETERMINATION OF
THE PROFILES NEEDED FOR THE
CONSTRUCTION OF THE RACK CUTTER
TOOL FOR THE HELICAL COMPRESSOR
WITH SYMMETRIC CIRCULAR PROFILE
Based on the mathematical model of the numerical
determination, we focused on the delimitation of the
profiles needed for the construction of the hob for the
manufacturing of the helical surfaces of a helical
compressor with symmetric circular profile.
Following the previously presented methodology, the
steps below were considered:
-Determining the parameters of description of the
frontal profile of the complex helical surfaces of the
rotors;
-Settling the parameters of installation of the rack;
-Determining numerically the profile of the rack;
In the case of the two frontal profiles, the parameters
of the profile r,, , and the Cartesian coordinates
x and y are presented in the table 1 and in the table 2.
A limited number of points were considered on each
curve due to the limited space of the present paper.
150 points were used in the program of calculus for
the selected rotors, on the profile of the conducting
rotor and 128 points were used on the profile of the
conducted rotor.
The profiles of the racks for these profiles were
determined using the methodology and the
relationships (7).
A particular study of the points from the profile was
developed in order to determine the profile of the
rack; the priority points were identified as well as the
ones involving difficulties during the manufacturing
process. In the case of the two rotors, these are: B1 for
the conducting rotor and B2 for the conducted rotor.
Using the given relationships, the rolling radii of the
two rotors were determined rr1 = 25.6 and rr2 = 38.4.
The profiles of the racks are presented in tables 3 and
4. The graphic representation of these racks was
realized in figure 13 and figure 14.

Fig. 11. The start position of rolling movement
-Introducing the parameters for the rotation process;
-Generating the interdependent movements through
an AutoLISP program needed for the rotation process
and for the removal from the “blank” of the rack of
the surfaces the profile of the helical surface is
overlapping with during the rotation process;

Fig. 12. The intermediate position of rolling
movement
-Comparing the profiles and determining the maximal
deviation.
The analysis of the results underlined a high precision;
the graphical method provides solutions for the
completion of the tool profile even when the use of the
analytical method leads to tools with discontinuities.
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Table 1. Profile frontal of conducting rotor

7. CONCLUSIONS
The new methods to obtain the profile of rack type
cutter are asked by the time for design of the tools
(special for the hob) used for manufacturing helical
surfaces. They can be combined with analytical
methods and used for simulation of the processes and
for design also the rotors also the rolling tools. The
accuracy of the profiling is at very high level and can
replace analytical methods with the development of
software for design will create new possibility of
optimization of the rotors of helical surfaces and the
tools for the rotors.
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