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Abstract: Variable-pitch cone worms, used in extruding 
press plasticizing systems, whose geometry varies on the 
length of the screw,  are carried out by trial and error 
method. Therefore, prior to the treatment of such worms is 
needed to study their geometry because of the possibility 
of assembling in the plasticizing system. 
A special program, which is based on technology for the 
machining of worms with finger type cutter, it allows to 
identify the cutter offsets Δy, due to the straight sides of 
the outline of the axial profiles of worms and set 
clearances between the convolutions of mating worms at 
the design stage of worms. 
Presents an analysis of a sample of the plasticizing unit, 
using an application developed to support the design of 
twin screw extruders. 
Key words: cone worm, variable pitch, the plasticizing 
system of plastic extruding presses.  
 
1. NTRODUCTION  
 
Plastics find wide application in various field of the 
economy. The production and consumption of 
plastics in the world have been continually increasing 
for several dozen years. The dynamic of this increase 
is by an order of magnitude greater than that of other 
constructional materials. As the processing of plastics 
develops, the demand for machinery for this process 
increases. Of the plastics processing methods, 
extrusion and its variants have definitely the largest 
share in production [12].  The quality of 
manufactured product, as well as the efficiency of the 
manufacturing process, depend largely on the 
geometry and execution accuracy of the plasticizing 
system. Extruding presses use various plasticizing 
system [12], but a system composed of two 
counterrotating untightly meshing worms in the most 
efficient. 
Variable-pitch cone worms, used in extruders for 
transferring and plasticizing the plastic, are 
characterized by variable geometry, which makes its 
technology and measurement very difficult. The 
worm has several zones (supply, compression, pre-

heating, degassing, metering) which have different 
geometry, depending on the function that they 
perform. From the point of view of design and 
engineering, each of these zone can be considered as 
a separate worm. These are multi-convolution worms 
with either a constant or variable pitch. A 
characteristic feature of the cone worm is the 
variability of all geometrical parameters along its 
length, with the pitch for a given convolution at the 
beginning and at the end being different (Fig. 1), but 
different pitches for both sides of the same 
convolution are also possible, which in practice 
makes their execution and accuracy checking 
difficult. These worms are cut with a finger-type 
cutter (conical, with the axial profile perpendicular to 
its action face) on a special numerically controlled 
milling machine [1, 2, 7, 13, 14]. It is also assumed 
that the worm's axial profile has to be rectilinear [3, 
5, 7, 13, 14]. 
 

b2

h2
d2

S22

S21 b1

h1
d1

S11

S12

l

lx

 
Fig.1. A cone worm with a variable pitch 

 
The basic problem with the double-worm 
arrangements to achieve the proper values of the 
inter-convolute clearance, which should be constant 
over the entire height of meshing convolutes in the 
axial section and over the entire worm length. 
The axial profile obtained from the machining of the 
worm with a grinding wheel or cutter with a 
rectilinear profile in the axial section of the tool's 
action face will be different from rectilinear. This will 
therefore be an arbitrary profile, being dependent also 
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on the relative tool to worm position in the machining 
process. 
Considering the variability of all the geometric 
parameters (pitch, outer and inner diameters) of the 
worm along its length, this profile is variable over the 
worm length and is not verified in practice. The inter-
convolute clearance, on the other hand, is verified in 
several ways. The measurement is performed on a 
special stand and consists in assembling (fixing in the 
centres) an arrangement of the pair of worms made, 
which will correspond to the arrangement of these 
worms in the extruder. The most straightforward 
method is to determine the inter-convolution error by 
visual observation of the gap between the 
convolutions (a white piece of paper is put under the 
worms). The inter-convolution clearance (between 
non-planar worm convolution surfaces) is also 
determined using a feeler gauge (with flat filer 
blades). The inter-convolution clearance 
determination method by measuring the magnitude of 
the rotation angle of one of the worms with the other 
being fixed is also used. The first two methods only 
allow the evenness of the clearance to be estimated 
approximately. By contrast, the third method enables 
the determination of the magnitude of minimum 
clearance (which will occur in one location on the 
worm length), rather than the distribution of 
clearances over the length of the mating worms.  
In the case of worms for which the technological 
parameters (a fixed cutter, a fixed specialized 
machine tool, known machine tool settings) of the 
tools have been established by trial and error, 
determining the inter-convolution clearance does not 
cause any major problem. However, should a change 
or modification to the existing technology (e.g. 
changing the tool diameter or using a multi-purpose 
CNC machine tool) be attempted or a new worm be 
required to be made, determination of the inter-
convolution clearance by trial and error would 
already be too costly. And considering the fact that 
new types of plastics are consistently being 
introduced to plastics processing, the need for using 
worms of ever varying geometry, also in plastics 
extruders, should be taken into account. 
Also, the possibility of machining variable-pitch cone 
worms on multi-purpose CNC machine tools, as well 
as the likelihood of using also cylindrical finger-type 
cutters for their machining should be taken into 
consideration [12]. 
Therefore, for the analytical determination of the 
magnitudes and distribution of inter-convolute 
clearances, a special software application has been 
developed, which is based on the worm machining 
technology and allows the clearances to be 
determined as early as at the worm design stage. 
  

2. ANALYSIS OF THE CONE WORM 
MACHINING PROCESS  
  
2.1 The application for the analysis of the double-

worm system 
To determine analytically the inter-convolution 
clearances and their distribution, the mating worm 
surfaces need to be described. The worm surface 
(convolution flank) depends on the geometrical 
parameters of the tool, its positioning relative to the 
worm being cut, and the kinematics of machining; 
therefore, the analysis of the worm machining 
process should be made. During machining of a 
worm using a finger-type cone cutter with a 
rectilinear profile in the axial section of the action 
surface, the axis of the cutter is positioned 
perpendicularly to the worm cut bottom and is offset 
from the worm axis by a specific value of Δy variable 
along the worm axis (length) (Fig. 2). 
 

 
Fig. 2. Schematic diagram of worm surface generation:  a) 
a finger-type shank cutter; b) cutter positioning and worm 

machining 
 
From the condition of ensuring the minimum worm 
axial profile deviation from the straight line, the 
optimal values of the parameter Δy are determined [7, 
9]. 
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where: fγ - cutter axial profile angle; fd - minor 
cutter diameter; s11, s12, s21 and s22 – pitches on the 
left-hand and right-hand cut sides, at the beginning 
and end of the worm (zone); 1 – worm (zone) length; 
xl – position of the examined profile on the worm 
(zone) length; k – multiplicity of the examined profile 
(left-hand or right-hand); h1 and h2 – axial profile 
heights at the beginning and end of the worm (zone); 
d1 and d2 – outer diameters at the beginning and end 
of the worm (zone). 
The Δy parameter is important for setting the 
machine tool for machining the worm, as well as for 
describing the surface of the mating worms [1, 4, 7, 
8, 9].  
The equation of the cutter action surface family in the 
worm system, 

s
r , and the envelope condition, 1f , 

jointly describe the worm surfaces, which can be 
represented by the following general relationship:  
 

( )v,,urr dfss
ϕ=                           (2) 

( ) 0v,,uf df1 =ϕ                          (3) 
 
where: fu - parameter of point position on the 
straight line generating the cutter axial profile; 

dϕ  - parameter of cutter action surface, 
v  - parameter of relative cutter and worm motion in 
the machining process;  
To the above equations (2, 3), the worm axial profile 
condition is added 

0yf
s

2 ==  

( ) 0v,,uf df2 =ϕ                       (4) 
whereby a system of equations describing the worm 
axial profile is obtained. 
For a preset value of the parameter fu , respective 
values of the parameters 1f  and 2f are determined 
from the system of equations dϕ  and v . After 
substituting the values of these three parameters to 
the vectorial equation (2), the coordinates of the 
worm axial profile point are obtained. The 
computation cycle is repeated for the successive 
values of the parameter fu . This makes it possible to 
determine the worm axial profile in the position on 
the worm length as defined by the value of the 
parameter lx .  
For determining the inter-convolution clearance, a 
method was employed, whereby the system of worms 
is cut by the set of planes parallel to the worms' axes.  
In each cutting plane, worm convolution profiles 
were obtained in a discrete form of sets of points. In 
any arbitrary cutting plane, the profile of the one side 
of the first worm's convolution and the corresponding 
(mating) profile of the second worm are two curves 

obtained in a discrete form of sets of points. These 
curves are substituted (by the approximation method) 
with the sets of points projecting into (equally spaced 
on the axis of abscissae) nodal points of the ordinate 
grid introduced in the respective cutting plane [1].  
As a result, the ordinates of so defined convolute 
section curves can be compared with each other and 
the clearances between convolutions in a given 
cutting plane can be determined. Taking successive 
cutting planes into consideration, the distribution of 
clearances in the system of two counterrotating non-
tightly meshing worms can be determined. 
This has resulted in the development of a software 
application aiding the design (engineering) of the 
system composed of two cone worms cut with a 
conical finger-type cutter. The application includes 
modules covering the successive stages of analysis of 
a double-worm system. The first module is used for 
determination of the optimal values of cutter offsets 
Δy, on account of the rectilinear profile of worm cut 
flanks, for right-hand and left-hand convolution 
worms. The next module, using the results yielded by 
the first module, calculates the specific angle of cut 
"flare" with the cutter in the frontal section 
(engineering parameter), or the angle of tool rotation 
around the worm axis for the preset cut width in the 
axial section. Then, the system composed of two 
mating worms is formed and the worm sections made 
by a common cutting plane and the inter-convolution 
clearances are determined – Figure 3. The software 
program was developed in the Delphi language as a 
RAD (Rapid Application Development) application  
to run under the Windows environment. At the same 
time, a code in the AutoCAD AutoLisp language is 
generated for generating a more detailed drawing of 
the inter-convolution clearance distribution (the 
graphics in Delphi using the TChart component is for 
illustrative purposes only – Fig.  3). 
 

 
 

Fig. 3. Distribution of clearances in the axial plane in 
arbitrarily selected cuts of a system composed of two cone 

worms of parameters as given below 
 
Cone worms can also be cut with cylindrical 
finger-type cutters [4, 6], and the developed 
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computation program allows also for this method 
of machining,  except that in that case the 
position of the tool is different and the cut 
bottom is machined separately. These worms can 
be cut not only on special machine tools [15, 16], 
but also on modern universal multiaxial multi-
task CNC machine tools [10, 11, 17]. Special 
machine tools for worms [15, 16] allow 
cylindrical worms to be machined using special 
heads by the whirling method, which is an 
accurate and efficient method. Due to the limited 
range of diameters, the whirling method of 
machining is mostly used for cutting threads. 
  
2.2 Analysis of the system of two cone worms  
Based on the worm documentation and working 
drawings obtained from a production plant, the 
geometrical analysis of a system composed of two 
cone worms was made.   
The parameters of the system of two cone worms (a 
right-hand and a left-hand one) under consideration 
were as follows: 
worm pitch at the zone beginning, 11s = 129mm; 
worm pitch at the zone end, 22s  = 168mm; 
cut width at the zone beginning, 1b  = 27.5mm; 
cut width at the zone end,  2b  = 32.5mm; 
zone length, l  = 710mm; 
outer worm diameter at the zone beginning, 1d  = 
110.81mm; 
outer worm diameter at the zone end, 2d  = 81.5mm; 
axial profile height at the zone beginning, 1h  = 
23.4mm; 
axial profile height at the zone end, 2h  = 19mm; 
worm multiplicity, z  = 3. 
Cutter parameters: 
cutter diameter, fd  = 14mm 
cutter inclination angle for the change in cut profile 
angle, °=∂ 10 . 

 

 
Fig. 4.  Part of the section of the worm analyzed 

 
The analysis of the system under consideration was 
made using the developed double-worm system 
design aiding program with preset initial parameters – 
Figure 4. The parameters of relative worms and cutter 
positioning in the machining process were computed 
due to the rectilinear axial profile of the cut flans 
(Fig. 5). As a result of the computation, it is 
theoretically possible to obtain axial profile 
deviations from the straight line with an accuracy not 
exceeding 0.03 [mm].  
 

 
Fig. 5. Geometric data with the technological parameters 
of relative worms and cutter setting during machining, as 
computer with the double-worm systems design aiding 

program 
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Fig. 6. Sections of a system of a right-hand convolution 
and a left-hand convolution worms with the following 

parameters: 11s  = 129mm; 22s  =168mm; 1b  = 27,5mm; 

2b  = 32.5mm; l  = 710mm; 1d  = 110.81mm; 2d  =  
81,5mm; 1h  = 23.4mm; 2h  = 19mm; z  = 3, and a profile 

tooth space angle of °10  a) by the axial plane (passing 
through the worm axes), b) by the plane parallel to the 

worm axis and offset from it by 10mm 
 

The plasticizing system is composed of two cone 
worms (a right-hand convolution and a left-hand 
convolution one) arranged in a cylinder. The worms 
are set in such a manner that the radial clearance 
between them and the clearance between the worms 
and the inner cylinder surface are 2 mm. The inter-
convolution clearance in the axial profile should be 
constant and evenly distributed along the profile 
height and the worm length. For comparison, the 
system was modelled in the Catia program based on 
the previously determined parameters (Fig. 6). 
As can be seen in Figure 6a, there is a clearance 
(varying along the worm length) between the 
convolutions of the mating worms, but after defining 
the profiles in the section made by the plane parallel 
to axial plane and offset from it by e.g. 10mm, the 
clearances take on a wedge shape, and in some 
locations the profiles intersect – Figure 6b. 
This implies that such a system cannot be assembled 
without the change to the geometrical parameters of 
the worms.  Only the correction to the cut width, 
bevelling of the profile vertices or the change to the 
profile angle will provide such possibility. It should 
be noted that the pitch is variable over the worm 
length; it different at the beginning and at end of the 
worm, as indicated by the engineering drawing. On 
the other hand, the variable worm cut width indicates 
also that there is a difference in pitch between the left 
and the right sides of the same convolution's profile. 
Therefore, prior to the machining of this type of 
worm, a detailed analysis of the entire system should 
be made, with the examination of clearances between 
convolutions, not only in the axial section. 
After making specific worm convolution vertex 
bevelling corrections, the 2-45o bevel  was substituted 
with a bevel of 3x4mm (such an operation is used in 
practice), the system was modelled again and the 
clearances between the convolutions of the mating 

worms were analyzed (Fig. 7), whereby the desired 
result was obtained. 

 

 
Fig. 7. Sections of a system of a right-hand convolution 

and a left-hand convolution worms with changed 
parameters: a) by the axial plane (passing through the 

worm axes); b) by the plane parallel to the worm axis and 
offset from it by 10mm 

 
Fig. 8. The model of the system of a right-hand 

convolution and a left-hand convolution worms (the 
entire system with all zones) designed in the Catia 

system 
 
Based the performed analysis it is possible to 
ascertain, without the time-consuming and costly 
making of the worms, that the plasticizing system 
under consideration can be assembled after making 
specific corrections, but the clearances between 
convolutions will be unevenly distributed over the 
length of the mating worms.  This might be due to the 
variability of the worm pitches. 
There is no simple relationship between the 
magnitude and distribution of inter-convolution 
clearances and the geometrical and engineering 
parameters of worms. Even the measurement of the 
worm axial profile will not guarantee that the 
interference (intersection) of the mating worm 
profiles will not occur at all (and the worms will be 
able to be assembled), if the axial profile turns out to 
be incorrect. So, this is a very difficult issue, and the 
proposed analysis of the two-worm system could help 
resolve these problems.   
 
3. CONCLUSIONS 
 
Problems related to the technology of variable-pitch 
cone worms used in plastics processing (in extrusion 
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presses) are still very difficult. It is assumed that 
mating (counterrotating untightly meshing) worms have 
a definite clearance which is uniformly distributed (over 
the profile height and worm length) [13]. As a 
consequence, such worms are made on special 
numerically controlled milling machines furnished 
with special software by their manufacturers.   
With the incorrect selection of the geometric worm 
parameters and engineering parameters (defining the 
positioning of the tool and the machined worm 
relative to each other during machining), mating 
worm profile intersection phenomena will occur, 
which means in practice that the system will not be 
able to be assembled. Therefore, the elimination of 
this occurrence at the system's design stage would be 
very advantageous, considering the fact that the cost 
of making such a system is very high. 
Only the appropriate analysis of the magnitude and 
distribution of inter-convolution clearances does 
enable the proper machining of the worms and will 
assure the required accuracy of their execution. A 
basis for the analysis is the determination of the 
surfaces of the mating worms, while considering their 
technology.  
In the design of this type of system, errors will result 
if the following geometrical worm parameters are 
incorrectly designed: pitch, cur width and 
convolution height. This is due to the fact that the 
outer diameter of one worm and the inner diameter of 
the other worm, that is the diameters of worms with 
different lead angles, mate with each other. 
Considering the small worm diameters and the very 
large pitches, this is a crucial problem, all the more so 
because smaller-diameter worms have a larger pitch. 
So, the analysis of clearances in a system, as made 
theoretically, enables also the optimization of the 
geometrical parameters of mating worms. 
 
4. REFERENCES 
  
1.Boral P., (2001). Analiza geometryczna układu 
dwóch ślimaków stożkowych o stałym i zmiennym 
skoku stosowanych w wytłaczarkach 
dwuślimakowych do transportu tworzywa, Ph.D. 
Thesis, Czestochowa University of Technology. 
2.Boral P., (2004). Obróbka ślimaków stożkowych, 
„Koła zębate, wytwarzanie, pomiar”, pp. 55-59, 
KBM PAN, Poznan. 
3. Boral P., (2005). The determination of inter-thread 
clearance in the screw plasticizing system, 6-th 
European Conference of Young Research and 
Science Workers in Transport and 
Telecommunications “TRANSCOM 2005”, pp. 285-
288, University of Žilina, Slovak Republic. 
4.Nieszporek T., (1998). The analysis of shaping 
cone worms with the taper end mill, Archiwum 
Budowy Maszyn 1998, Vol. 18, No. 2, pp. 135-142. 

5.Nieszporek T., (1999). Analiza zarysu osiowego 
ślimaków stożkowych obrabianych frezem palcowym 
stożkowym, Mechanik 1999, R72, No. 1, pp. 28-32. 
6.Nieszporek T., (2001). Kształtowanie powierzchni 
śrubowych stożkowych frezem palcowym stożkowym i 
walcowym, The 3rd All-Poland Scientific & Technical 
Conference on the Design of Technological Processes 
„TPP’2001”, pp. 261÷266, Poznan. 
7.Nieszporek T., Boral P., (2002). The design and 
technology of cone worms, The Third International 
Scientific Conference MECHANICS 2002, pp. 259-
264 (Rzeszow). 
8.Nieszporek T., Boral P., (2005). Bases of the design 
and technology of variable-pitch cone worms, The 4-
th International Conference on Advanced 
Manufacturing Technologies “ICAMaT 2005”, pp. 
73-78, Bucharest. 
9.Нешпорек Т., Боряль П., (2005). Основы 
профилирования конических червяков 
с изменяющимся и постоянным шагом, V 
Международый Конгрес 2005 „Конструкторско-
технологическая информатика”. Московский 
Государствен-ный Технологический Университет 
СТАНКИН. c. 58-61.  
10.Nieszporek T., Szczepanik T., Szymański W., 
(2008). Manufacturing of Variable-Pitch Cone 
Worms on an Universal CNC Machine Tool, 
Academic Journal of Manufacturing Engineering. 
Supplement ISSUE 2/2008, pp. 95-101. 
11.Nieszporek T., (2009). Manufacturing of variable-
pitch cone worms, Academic Journal of 
Manufacturing Engineering, Vol. 7, ISSUE 1/2009, 
pp. 68-73. 
12.Sikora R., (2006). Przetwórstwo tworzyw 
polimerowych, Wydawnictwo Politechniki 
Lubelskiej, Lublin. 
13.Stasiek J., (1995). Effect of Screw Geometry and 
Conditions of  Extrusion on the Course of PVC 
Plastifikation in a Twin-Screw Extruder, The 
Polymer Processing Society, Stuttgart.  
14.Stasiek J., Nieszporek T., (2002). Problemy 
projektowania i wykonywania ślimaków 
dwuślimakowych wytłaczarek przeciwbieżnych, 
Polimery 2002, R 47, No. 6, pp. 441-449. 
15.http://www.wfl.at/?sc_lang=en, Accesed: 
10/11/2012. 
16.http://www.weingartner.com/ws/frontend/seite/Sei
teCms.php?coId=157&coType=navigation2&sprachI
d=en, Accesed: 15/11/2012. 
17.http://www.directindustry.com/prod/mazak/3-axis-
cnc-mill-turn-centers-22113-552557.html, Accesed: 
15/11/2012. 
 
Received: March 03, 2013 / Accepted: June 5, 2013 / 
Paper available online: June 10, 2013 © International 
Journal of Modern Manufacturing Technologies. 


