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Abstract: The paper presents the helicoidal surfaces and 
their application special for screw pumps and screw 
compressors. Manufacturing the helicoidal surfaces with 
disc tool it is the most used method. The determing the 
shape of disc tool it is a difficult task and the installation 
parameters are very important to succed obtain the 
accurate rotor for the screw compressors.The surface 
complex helical screw compressors with specific frontal 
profile of type SRM and SKBK asymmetric, using 
computer programs made in C were used to determine the 
installation parameters and the shape of the disc tool. 
Key words: profiling, optimization, helicoidal, disc tool, 
surface 
 
1. INTRODUCTION  
 
The helicoidal surfaces represent a category of 
surfaces with an extreme range of use in the technical 
field. The fig.1 presents an image of the helicoidal 
surfaces. The way of creating helicoidal surfaces by 
moving a profile through a helix determines the focus 
on the two main elements that define such a surface: 
the profile and the helix. The plan in which the 
profile is considered represents a criterion of 
classification. The most frequently used profiles are 
the axial profile, the frontal one and the normal 
profile. The profile has an important influence on the 
technology of the helicoidal surface. Whereas the 
helicoidal surfaces defined by simple curves (lines 
and circles) or some combinations of these have been 
assimilated since a long period of time according to 
the industrial standards, the surfaces  containing more 
curves (particularly cycloids associated with circles, 
lines, involutes) are more difficult to processing, the 
difficulty resulting from the profile height. It is 
remarkable that in such cases the precision standards 
are also very strict. These surfaces are considered part 
of the category of the complex helicoidal surfaces. 
The complex helicoidal surfaces are extremely 
frequently used in the case ofhelicoidal volumetric 
machines. The main types of helicoidal volumetric 

machines [1, 2, 3, 4, 5] that are used in the technical 
field are presented in the fig. 2. 

 
Fig.1. 

 
The operating parts of these machines are axle pieces 
with a helicoidalpitch usually placed in the central 
part and with the helixes of different directions-
helicoidal rotors- that are put together with the 
parallel axes in a horizontal housing executing 
circular moves interlinked through the direct driving 
of one of the rotors or through a synchronization 
gear. The working process takes place through the 
spatial gear of the rotors that have a different number 
of teeth and between their helicoidal surfaces are 
created working spaces that are filled with fluid; due 
to the helix these spaces are separated, compressed 
and moved from de aspiration zone to the discharge 
zone-it is the case of the pump (the compressor) or 
the spaces under the pressure determine a circular 
action of rotors-in the case of the motor. 
This category of machines can be classified as 
follows, according to the type of gear: 
-exterior: gear machines- screw compressors, screw 
pump, Root blowers; 
-interior: gear machines-screw pumps, orbital 
hydraulic engines etc. - when one of the rotors plays 
the role of the housing. 
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Considering the two types of machines, the ones with 
an exterior gear have been more used. They are 
included in the category of complex helicoidal 
surfaces because the helicoidal surfaces that compose 
them contain combinations of curves that are 
different from the simple ones (line, circle, especially 
cycloids). The working process distinguishes these 
machines from the helicoidal gears through the target 
objectives and this lead to the classification into a 
special category of gears that present other functional 
conditions. In this sense, the first condition is related 
to the sealing of the working spaces. The second 
condition concerns the existence of a controlled 
clearance, relatively small in order to allow the 
circular action of the rotors.  

 
Fig.2. 

 
It is for this reason that the profiles used are different 
comparison with those used for the transmission gear. 
The research related to these profiles has been drawn 
on the domains of practical applications (pumps and 
compressors); despite the fact that they have many 
common elements, especially in terms of 
manufacturing and control, the curves used have also 
some particular features. Considering the differences 
that have been underlined, it can be considered that 
the problems of the practical realization are similar 
and they are given by the specific form of these 
surfaces, the relatively great height of the profile or 
the strict conditions regarding the execution 
precision. This justifies the fact that in the present 
paper the surfaces are united analyzed. Such gears 
can be seen in the case of screw compressors and the 
screw pumps. 
The analysis of the actual phase of research on the 
numerical determination of the profiles of the disc 
tools for the manufacturing of the complex helicoidal 
surfaces lead to the setting of the structure of a 
specific system. This system includes the following 
modules presented in fig.3.  

These modules replace the problems of design of the 
milling tool for the manufacturing of the complex 
helicoidal surfaces. In the case of the discgrinding 
wheels some series of the modules specific only for 
the disc milling cutter are let apart. Even in the case 
of the tooth-milling tools some of the modules are not 
being used, according to their specific construction. 
The system is supposed to cover the entire series of 
activities imposed by the design of the disc tools for 
the complex helicoidal surfaces, starting by digitizing 
their profiles, checking and getting the clearances 
between the rotors, creating programs for the NC 
machine tools or the programs of manufacturing 
through copying for the models necessary for the tool 
teeth, determining the dimensions of the cutter blade 
that can be installed on the tool body accepted by the 
machine. The system takes into consideration the 
speeds that can be obtained on the machine tool, the 
maximal dimensions of the tool that can be installed, 
the other parameters of limited installation accepted 
by the machine tool for the manufacturing of the 
complex helicoidal surfaces. There are also included 
some specific models of the alternate gash mills. 
These modules have a logical succession with the 
design activity, but we should remind that their 
running succession can change, according to the 
specific data and the constructive solution that is 
taken.  
 
2. EXPERIMENTAL AND SIMULATION PART 
 
The most important part of this system is related to 
the determination of the generating profile of the tool.  
This part is run in the case of any disc tool and it is 
presented with all the steps involved, in the fig.4.  
The first steps are meant to define the complex 
helicoidal surface. In most cases, the complex 
helicoidal surfaces are defined through the profile 
given in the frontal section and the helix pitch. The 
profile appears as a curves succession that is 
analytically described. The parameters chosen for the 
numerical definition of the surface and the system of 
coordinate which they are related to be very 
important from the point of view of the estimation 
complexity. The rotation surface of the disc tool is 
also defined and its description parameters are chosen 
together with the position of the coordinate system 
which these parameters are related to.  
The connection between the position of the 
coordinate system attached to the helicoidal surface 
and the coordinate system attached to the tool surface 
is realized with the installation parameters. Different 
ways of usingthe installation parameters were 
highlighted in the specialized literature.  
In Fig. 5 are presented the parameters which defined 
the frontal profile of helicoidal surface, the 
parameters of tool disc profile and the installation 
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parameters. These parameters make the correlation 
between tool disc coordinate system and helicoidal 
surface coordinate system.With tangency condition 

between helicoidal surface and tool disc rotation 
surface, we obtain the transcendent equation  
(n2cosτ-n1)/sinτ-n3-τ=0 (1)

 
 

Fig.3. 

 

Fig.4. 

 
Fig.5. 

 
Solving this equation and obtaining the value for   
angle, we have the contact point between tool disc 
profile and the helicoidal surface frontal profile. 
According to the aspects previously presented in 
fig.3, in order to create programs able to determine 
since the design phase the generating possibilities of 
the complex helicoidal surfaces-mostly the 
asymmetrical ones, we analyzed the integration of the 
description parameters of the helicoidal surfaces, the 
installation parameters and the ones used for defining 
the cutter tool. 
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We chose the most general case, reducing their 
number to the really necessary one. This is important 
from the point of view of simplifying the 
mathematical system of calculus and of the 
generalization of the inter-linked equation.  
The definition of the generating conditions of the 
complex helicoidal surfaces allows the construction 
of the equation that is transcendent in most of the 
cases, linking the parameters of the helicoidal surface 
and the ones of the tool, as well as some relations that 
should allow the evaluation of these conditions. It is 
in these terms that the optimal installation parameters 
can be determined, parameters that should provide 
even since the design phase of the tool the most 
favorable position from the point of view of 
generating the disc tool. After analyzing the tool and 
choosing the research interval for the solutions of the 
equation, as well as the numerical method, the 
solution to this equation allows the very quick 
determination with high precision of the disc tool 
profile. The problem can also be dealt with in an 
inverse way, when the resulting helicoidal surface is 
determined by starting from the disc tool. This 
possibility is used to check during the design phase 
the profile of the disc tool that was determined.The 
use of this system allowed to study the influence of 
different parameters on the possibilities and on the 
generating precision of the complex helicoidal 
surfaces. 

 
Fig.6. 

 
In the following part will be taking into account the 
optimal installation parameters of the tool for a 
particular case ofsetting, which means 
thoseparameters which provide the generating of the 
profile of the helicoidal surface with a minimal 
profile variation and that allow the technological 
creation and the exploitation of the tool in the case of 
the existent technological machines imposed by each 
producer or user of complex helicoidal surfaces. As it 
was presented in [6] the optimal installation 

parameters depend on the two first generating 
conditions that can be expressed according to the 
installation parameters and to the parameters of the 
helicoidal surface as in the equations: 
 
ε1,2=arctg[G±(G2-F)1/2]                                         (2) 

 
ε=arctg[p(awcosτ-u)/(u(aw-ucosτ)+p2(ψ-q+τ)sinτ]   (3) 
 
This system can have one, two or no solutions. The 
equation can have one solution for the angular points 
placed at the basis of the profile or for a limit point of 
a curve from the profile. In this case it is obvious that 
the undercutting can be avoided if the resulted 
solution is adopted. The lack of solutionsin the case 
of the convex portions and the linear ones show that 
the undercutis avoided no matter the choice of the 
installation angle ε. However, in the case of the 
concave portion, the lack of solutionsmeans the 
presence of the undercut no matter the value of the 
installation angle ε. 
In order to determine the installation parameters we 
should first make an evaluation of the profile to see 
the points that imply generating difficulties and at the 
same time to set a priority for the creation of certain 
parts of the profile that are important from the 
functional point of view. This priority can be imposed 
by the machine builder who wants, in the case of the 
screw compressors or of the screw pumps, to get with 
no variation the portions providing the sealing of the 
working spaces. In general, the profiles of the 
helicoidal surfaces are made up of simple curves: 
circle, straight line, hypo and epicycloids, ellipse etc. 
for functional reasons, in most of the cases these 
curves do not haveturning points. It follows that there 
occur adjustment difficulties on the concave portions 
(the second condition is not observed), the angular 
points and the points from the top of frontal area of 
the profile. 
Even if the strategy of determining the installation 
parameters depends on the structure of the profile 
adjusted to automate the research on the profile of the 
helicoidal surface and the choice of the optimal 
installation parameters from the generating point of 
view, there was conceived the basis of the 
methodology presented in [6], the schema from Fig.6 
from which we extracted sub directions that can be 
useful for any profile and that simplify the mission of 
the tool producer. This module was experimented in 
the case of the asymmetrical profiles of the rotors of 
the screw compressors. 
The circular arc V1 - A1 is a circle radius with the 
centre in O1 and the radius Re1, 
The circular arc A1 - K1 is a circle radius with the 
centre in M1 and the radius θ= Re1-r1 
The arc of epicycloid K1 - I1  
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The circular arc  I1 - J1 is a circle radius with the 
centre in O1 and the radius A-(Re2+θ), 
The circular arc S1 - Q1 is a circle radius with the 
centre in Q1 and the radius A-(Re2 + θ) 
The arc of epicycloid Q1 - P1  
The arc of epicycloid  P1 - N1  
The arc of epicycloid  N1 - B1  
The circular arc B1 - V1 is a circle radius with the 
centre in O1 and the radius Re1 [7]. 
 

 
Fig.7. 

 
Table 1. 

 
 
A special attention is needed in the case of the 
angular points, the points for which the tangent is 
different from one curve to another, so that the angles 
ξ differ from one curve to another and the curve 
radius tends to zero. The [6] presented the relations 
that are used in the case of such points to determine 
the installation parameters. 
The circular arc S2-P2 is a circle radius with the centre 
in O2 and with the radius Re2. 
The arc of epicycloid N2-B2  
The circular arc B2–A2 is a circle radius with the 
centre in O2  and the radius A-Re1 
The circular arc A2-K2 is a circle radius with the 
centre in the point M2 and the radius 
 r = Re1 - r1 + θ. 
The circular arc K2 - J2 is a centre radius with the 
centre in O2 and the radius Re2. 

 

 
Fig.8. 

 
 
Table 2. 

 
In the tab.1 and 2 for the male and female  rotor, in 
the most important points from the profile, we 
consider the polar coordinates, the angle ξ, the radius 
of curvature ρ and u. 
In order to determine the installation parameters, we 
follow the points indicated in fig.6 for tab.1. From the 
symmetrization condition of the disc tool profile, the 
angle ψ is chosen using the relation: 
 
Ψ=(δA1+δB1)/2                                                      (4) 
 
We get the value ψ= -0.117118 rad. 
We chose the distance between the axes. This is fixed 
in relation to the maximal diameter of the tool that is 
allowed by the machine on which the adjustment is 
made, according to the relation: 
aw=ri+ds/2                                                                 (5) 
where: ri=the foot radius of the rotor; ds=the maximal 
diameter of the tool. 
Once we setted the distance between the axes we 
write for each point the transcendent equation for the 
calculus of the point corresponding to the tool. 
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According [6] the adjustment condition is the 
existence of a real radical which in the case n1<n2 is 
given by the relation: pctgε<u. The study of the data 
from tab.1 shows aangular point in B1. In order to 
determine the installation parameters that are 
necessary to obtain this point, we use the conditions 
from fig.6. The operations made showed that this 
value does not provide a continuous profile in the 
point B1. The resulted profile of the tool is almost 
symmetrical to the axis z. To be remarked that from 
the functional point of view the points I1 and Q1 are 
more important and the efforts of the tool builder 
must be drawn towards these points. It can be seen 
that the areas A1V1 and B1V1 are parts of a circular 
arc from the exterior diameter of the rotors, and this 
allows their manufacturing by turning or rectification 
before the adjustment of the profile. In this way we 
give up to the area B1V1. In this case, considering the 
symmetrization conditions of the tool profile, the 
asymmetrical angle ψ was chosen with the value –0.2 
rad..The choice of the angle εof the tool axis in 
relation to the piece axis depends on the maximal 
value of the parameter u. This value is given by the 
point P1 and it is 42.946 with a result of 
ε=0.726941rad or 41°39'2.33". The profile of the  
disc tool resulted for the installation parameters 
aw=140.845 mm, ψ  = -0.2 rad. and ε= 0.726941 rad. 
is presented in the tab.3 and the fig.9.  
Table 3. 

 
In the case of the male rotor, the points of calculus 
are presented in tab.3. 

 
Fig.9. 

It can be seen that in the case of the female rotor 
there is an angular point placed at the intersection 
between the curves S2P2 and P2N2. This angular 
point determines on the tool a failure of the profile 
since the corresponding point from the tool of the 
point P21 (the extremity of the curve S2P2) is 
staggered in relation to the one corresponding to the 
point P22 (the extremity of the curve P2N2). Another 
part facing with difficulties is placed on the curve 
N2B2. An important dicontinuity results on this curve 
from the calculus. In order to facilitate the improving 
of the tool profile in such cases it is necessary to 
complete the profile of the tool with a curve that 
should pass through the extremity points of the 
continuous areas without interference  with the 
profile to be manufactured.For this reason the two 
curves S2P2 and P2N2 are protracted and the 
corresponding points on the tool are calculated just to 
the area of intersection. In order to facilitate the 
choice of the limit points on the two extensions, an 
analytical method or a graphical representation are 
preferred. Following the determination of this area, 
using the generating model with the disc tool of the 
helicoidal surfaces, we estimate the corresponding 
points from the frontal profile of the piece, given that 
these points should be placed in the exterior of the 
profile to be adjusted. The profile of the tool for the 
installation parameters  aw=140.845, 
ε=41,434080,ψ=0 is presented in the fig.10. 

 
Fig.10. 

 
Table 4. 
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In the case of a wet compressor whose profile was 
presented in [4] we applied the determination 
methodology of the optimal installation 
parameters.There have been settled the equations of 
the curves belonging to their structure with the use of 
the following geometrical parameters: Re1=125 mm, 
Re2=125 mm, Ri1=75,5 mm, Ri2=75,5 mm, r1=80 
mm, r2=120 mm, r=55 mm, P1=440 mm, P2=660 
mm. 

 
Fig.11. 

 
A1-F1-normal epicycloid arc; F1-E1 normal 
epicycloid arc; E1-D1  arc radius centered in O1;  
B1 - C1 normal hypocycloid arc; B1 - A1 arc circle 
of radius R. 
 
Table 5. 

 
 
In a view to obtain the previously mentioned points 
we tried to determine the installation parameters. The 
distance between the axis aw was determined by 
fixing the maximal radius of the disc-cutter that can 
be used on the milling machine. 
 
aw=Rsmax + Ri1(2)                                                 (6) 
 
Since the point B1 is a angular point, in order to get 
the installation angle ε we use the relation: 
 
rp=ucosτ+vsinτ                                                   (7) 
 
after having previously determined  by solving 
the transcedent equation: 
 
mrusinμu+μu-δu+ψ=0                                                (8) 
 
With the values obtained for aw and ε we determine 
ψ from the equation: 
Ψ=±(aw/p2)ּ(ru

2-rp
2)1/2±arccos(rp/ru)+δu           (9) 

Given Rsmax≈96 mm, following the previous 
methodology, the next installation parameters are 
obtained:aw=171,5mm,ε=41,255903° and  ψ=0.215 
rad. 
These installation parameters allowed to estimate the 
profile of the tool whose profile is given in the tabel 
7. 

 
Fig.12. 

 
Table 6. 

 
 

 
Fig.13. 

 
The circular arc D2 - E2  is a circle radius with the 
center in  and with the radius . The arc of 
epicycloid E2 - F2. The arc of epicycloid F2 - A2. 
The arc circle A2 - B2 of the conjugated curve's arc 
on the contuctive rotor. The arc of epicycloid B2 - 
C2. The circular arcC2 - D2 is a circle radius with the 
center in  and with the radius . 
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Table 7. 

 
 
In the case of the female rotor we see that the angular 
points F2 and B2 are placed on the same radius. By 
using a relation similar for the two points, we get the 
angle ψ: ψ =( δB2 + δF2)/2=0.131794 rad 
The distance between the axes is determined by 
estimating the value of the radius of the tool 
corresponding to the minimal point on the profile of 
the female rotor Rs=120 mm. Solving the transcedent 
equation ( in μ) for the points F2 and B2 we determine 
the angle ε, getting the value –41,288604. The values 
of the installation parameters allowed to estimate the 
profile of the cutter for which the representative 
points are given in the tab.8 and this is presented in 
fig.14. It can be seen that on the profile there is a 
discontinuity corresponding to the point F2.  

 
Fig.14. 

 
Table 8. 

 
 
 

3. CONCLUSIONS 
 
Processing complex helical surfaces with disc tool act 
as the primary method of processing this type of 
surfaces.  The largest difficulties arise at the screw 
compressors with asymmetric profiles. In trying to 
build a software package covering all stages of the 
design was done a complete model of this process. 
The analysis of steps signaled  the importance of  the 
stage of determination of the installation parameters. 
At two pairs of asymmetric profiles for screw 
compressors proceeded to analyze the points that 
make up the imposing frontal profile is determining 
the parameters of installation for the most important 
points that are functional. For these points used 
equations of generating conditions.   The distance 
between the axis aw was chosen based on the 
maximum allowable size of the tool on the machine 
tool and from the generation conditions was 
calculated angle ε and the angle ψ. The parameters 
obtained were used to solve the inverse problem and 
checking the profile frontal of the helicoidal surface 
in the design phase. The results confirm the 
effectiveness of the method used. 
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