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Abstract
This paper presents the results of an observation and investigation into the wear of the rotors 
of an open end spinning machine mating with wool yarn in industrial conditions. The rotors 
were made of alloys EN AW-2024 (AlCu4Mg1) and EN AW-6082 (AlSi1MgMn) after a process 
of hard anodic oxidation in industrial conditions. Analysis of the wear process together with 
the decrease in the oxide layer thickness before and after the operation certifies that such a 
layer assures at least a two and a half fold increase in wear resistance. The surface topography 
and microstructure of the surface layer before and after the period of operation were assessed, 
which allowed us to establish that the wear of the inner surfaces of the rotor in the collecting 
groove caused by the friction of impurities and yarn on their surfaces is mainly determined by 
the abrasive wear.
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Denotations used
Sa  - the arithmetical mean height, 
Sq  - the rot mean square deviation, 
Sp  - the maximum peak height, 
Sv  - the lowest valley of the surface, 
St  - the maximum height 

of the topographic surface, 
Sk  - the surface core depth, 
Spk  - the reduced peak height, 
Svk  - the reduced valley depth, 
Smr1  - the peak material component, 
Smr2  - the valley material component. 

n Introduction
The basic sub-assembly of every open 
end-spinning machine based on the rotor 
spinning process [1, 2] is a spinning head 
with a rotor as the most important ele-
ment. Several years’ observations of open 
end spinning machines of the type PW12, 
manufactured by BEFAMA (Poland), car-
ried out in industrial plants, have shown 
that the rotor is the least durable element 
of the machine.

The inner surfaces of the rotor should fea-
ture a low coefficient of friction on contact 
with the yarn, which mainly depends on 
the surface topography (surface geometric 
structure – SGS 3D) and  method of man-
ufacturing. It should not generate a static 
charge nor load the yarn electrostatically. 
It should be highly resistant to wear and 
any accidental dynamic loads generated 
by the high speed of moving solid particles 
and the reaction of the yarn.

In order to fulfil the conditions above, the 
application of proper materials, types and 
methods of machining that guarantee the 
obtainment of a proper surface layer from 
a technological and operational point of 
view is required. The material should fea-
ture a high unit strength at low density, en-
suring small forces and inertia moments. 
The dielectric properties, high wear re-
sistance and low adhesion of the yarn 
are also of great importance. However, 
the technology of manufacturing should 
guarantee the obtainment of such a sur-
face structure that ensures the high quality, 
low friction and proper wear resistance of 
the yarn manufactured; as a consequence, 
the efficiency and durability will increase. 
The well known manufacturers of open 
end spinning machines produce the rotors 
from special steel or aluminium alloys. 

Rotors made of steel are either subjected 
to a hardening operation or a diamond lay-
er or boron is applied to its inner surface. 
In the case of rotors made of aluminium 
alloys, a diamond layer or diamond and 
nickel [2] layers are applied.

The aim of this work was to evaluate the 
effect of a significantly cheaper method of 
the surface hardening of machine elements 
manufactured from aluminium and its al-
loys by so called hard anodic oxidation 
on the durability of rotors. In the process 
of hard anodic oxidation, a hard anodic 
oxide Al2O3 coating of high porosity and 
abrasive wear resistance is formed upon 
the aluminium surface and its alloys. The 
optimum thickness of the oxide layer does 
not usually exceed a value of 0.03 mm, 
depending upon the type of alloy and such 
process parameters as  electrolytic solu-
tion, its temperature, current density and 
the process duration [3, 4].

The results presented in this paper are the 
continuation of research described in [5].

In spite of fact that the production of rotor 
spinning machines in Poland has actually 
ceased, the results of the operational tests 
obtained can be successfully utilised in 
other types of textile machines.

 Method of the wear evaluation 
of the rotors of open end 
spinning machines

Several years’ observations of the rotors 
in open end spinning machines operating 
in industrial conditions have shown that 
mainly the inner surface of the rotor: coni-
cal C and the collecting groove undergo a 
wear process (Figure 1). Investigations of 
the wear of the rotors of open end spinning 
machines were restricted to the inner sur-
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faces of the collecting groove, Rcg, because 
the wear intensity of these surfaces is sev-
eral hundred times larger than that of the 
conical inner surface C of the rotor. In the 
case of rotors made of aluminium alloys 
without a hard layer on their inner surfac-
es, the wear is disastrous as the rotor is cut 
into two parts in its collecting groove [6]. 

Wear evaluation of the rotors in the col-
lecting groove was carried out during 
the manufacturing process of polyacry-
lonitryl yarn of linear mass 350 - 500 tex  
(350 - 500 mg/m) on an open end spin-
ning machine of the type PW-12, with the 
number of spinning points equal to 54. 
The operational parameters of the spin-
ning machine were as follows:
n rotational speed of rotors 
  nr = 18000 r.p.m., 
n  rotational speed of opening rollers 
  nwł = 3400 r.p.m., and 
n linear output velocity of yarn 
  vw = 90 - 120 m/min.

The rotors were made of semi-finished 
product in the form of a 150 mm diam-
eter squeeze-out bar, which was machined 
by turning so that the radial run-out of all 
faces and diameters over ø 40 mm did not 
exceed a value of 25 µm.

Investigations were carried out on rotors 
made of the following aluminium alloys:
n EN AW-2024 (AlCu4Mg1) - the inner 

surfaces were subjected to the follow-
ing method of finishing: grinding with 
an abrasive cloth of a grain size of 150 
and 220, followed by polishing with 
a felt disc saturated with polishing 
paste;

n EN AW-6082 (AlSi1MgMn) - the 
inner surfaces were subjected to the 
following surface operations and fin-
ishing treatment: grinding, polishing, 
hard anodic oxidation [3], grinding 
with an abrasive cloth of 240 and  
360 grain size, as well as with abra-
sive paper of 600 grain size.

The rotors made of alloy EN AW-6082 
only and subjected to hard anodic oxida-
tion underwent durability investigations 
because a hardness of over 7000 MPa, 
which determines the tribological proper-
ties of the oxide layers, can only be ob-
tained for this particular alloy, whereas a 
value of 2850 MPa can be reached in the 
case of alloy EN AW-2024 [6]. 

Hard anodic oxidation [3, 4] was conduct-
ed in electrolytic solution with the follow-
ing chemical composition (depending on 

urements: the cut off lr = 0.25 mm (Gaus-
sian filter was used), the evaluation length  
lt = 2.8 mm, the number of registered 
points Nx = 8000, the sampling interval 
Δx = 0.35 µm, the stylus radius of the pro-
filometer rtip = 2 µm, and the measure-
ment velocity vos = 0.5 mm/s.

The surface topography was evaluated by 
the following parameters of the surface 
geometric structure (SGS) [8, 9]: am-
plitude parameters – arithmetical mean 
height Sa, rot mean square deviation Sq, 
maximum peak height Sp, the lowest val-
ley of the surface Sv, maximum height of 
the topographic surface St and the parame-
ters obtained from the material ratio curve: 
the surface core depth Sk, the reduced peak 
height Spk, the reduced valley depth Svk, 
the peak material component Smr1 and the 
valley material component Smr2. The wear 
in the collecting groove was additionally 
determined by comparison of the groove 
profile Rcg before and after the operation 
[7]. Therefore specimens of about 5 mm 
width were cut in the axial plane of the 
rotors selected.  Profiles of the collecting 
groove were registered with a Neophot 2 
microscope at a 10×, 20×, and 60× mag-
nification. However, the  microstructure 
of the oxide layer in the collecting groove 

the weight): sulphuric acid - 6%, sulpho-
salicylic acid - 3%, lactic acid - 2%, glyc-
erine - 2%, aluminium sulphate - 0.1%; 
the rest being distilled water. The condi-
tions of anodic oxidation were as follows: 
direct current + alternating with a part of 
the positive component – 85 %, anodic 
current density - 3 A/dm2, temperature of 
the electrolytic solution –2 °C up to 6 °C, 
and time of anodic oxidation 40 minutes. 
A cathode was placed inside the rotor. The 
mixing of the electrolyte was carried-out 
by rotating the rotor at a speed of about 
130 r.p.m. Before the hard anodic oxida-
tion, the following operations were carried 
out to prepare the surface: degreasing in an 
organic solvent, then etching for two min-
utes in a 5% solution of sodium hydrate, 
and finally flushing with water.

The wear of the inner surface of the col-
lecting groove, Rcg, of the rotors was de-
termined by measurement of selected pa-
rameters of the surface topography before 
and after the operation [7], which was  car-
ried out using a Mahr Pethometer Concept 
profilometer. Measurements of the surface 
topography were carried out on surfaces of 
2.0 × 2.0 mm by making 401 profiles at 
distances of 5 µm. The following param-
eters were assumed for the profile meas-

Figure 1. Rotor of open end spinning machine PW-12: a) complete rotor with a drive pul-
ley of belt and bearing: 1 – rotor, 2 – cylindrical needle, 3 – spindle cap (drive pulley),  
4 – bearing SKF-18CN-AA 74077; b) rotor with the marked profile of the collecting groove.

Figure 2. Impurities deposited in the collecting groove of a rotor: a) rotor at the start of 
operation; b) rotor after the operation (some tens of hours); 1 - fibers, 2 - impurities.

      b)a)
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was analysed before and after at a magni-
fication of 300×.

Microhardness measurements of the sur-
face layer were carried out on inclined 
metallographic specimens at an angle of 
1°30’ (0.026 rad), with the application of 
a Leitz Wetzlar micro hardness tester at an 
indenter load of 0.245 N.

Micro pictures of the inner surface in the 
collecting groove, Rcg, of the rotors were 
taken with a Jeol JSM-5500LV scanning 
microscope at magnifications of 200× and 
1000×.

 Wear of inner surfaces in the 
collecting groove of the rotor

During the operation of a rotor spinning 
machine, part of the hard impurities of 
the fibre strip is placed in the collecting 
groove of the rotor by the centrifugal force 
(Figure 2, see page 37), which worsens 
the control of yarn formation and decreas-
es the yarn strength. Accelerated wear 
of the rotors is generated by their non-
uniform thinning on the peripheral wall 
in the collecting groove (Figure 3). This 
process generates ‘cracks’ and, in conse-
quence, the cutting off of the rotor cone 
(Figure 3.b). The geometric structure of 
the conical surface, C, undergoes signifi-
cant changes.

In the case of non-hardened surfaces, i.e. 
of μHV hardness, which does not exceed 
1500 MPa, it was possible to observe a 
five-fold increase in roughness. Again, 
in the case of surfaces with a hardness of 
about μHV = 7000 MPa (after anodic oxi-
dation), a decrease in roughness of about 
30 - 35% [6] was found.

As an example, the roughness of the inner 
conical surface, C, (Figures 1.b and 3.a) 
of rotors made of alloy EN AW-2024 af-
ter the finishing treatment was Ra = 0.30 
to 0.42 µm, whereas in the case of  rotors 
made of alloy EN AW-6082, after hard 
anodic oxidation and grinding with a cloth 
and abrasive paper, the roughness was – 
Ra = 1.30 - 1.50 µm. In the case of rotors 
made of alloy EN AW-2024, after an op-
eration period of about 6000 hours, a sig-
nificant increase in  roughness occurred –  
Ra = 1.6 - 2.0 µm. Again, in the case of the 
rotors made of alloy EN WA-6082 treated 
by anodic oxidation, a slight decrease in 
surface roughness – Ra = 1.0 - 1.1 µm [6] 
was observed.

Figure 3. Inner surfaces of a rotor made of alloy EN AW-2024 subjected to the wear process 
during operation: a) wear of conical surface C and in the collecting groove Rcg; b) picture 
of a transverse metallographic specimen of the collecting groove, Rcg,of the rotor after an 
operation period of about 6000 hours (wear in the shape of a crack), magnification 60×;  
c) picture of a transverse metallographic specimen of the collecting groove, Rcg, of the 
rotor before operation, magnification 10×; d) picture of transverse metallographic speci-
men of collecting groove Rcg of the rotor after an operation period of about 6000 hours, 
magnification 10×.

Figure 4. Micro hardness distributions in the surface layer of rotors made of alloys EN AW-
2024 and EN AW-6082 in the function of the distance from the surface for different surface 
types and  finishing treatments.

Figure 5. Profile of the collecting groove of a rotor made of alloy EN AW-6082 after hard 
anodic oxidation before and after operation: a) picture of a transverse metallographic 
specimen of the collecting groove, Rcg , of the rotor before exploitation, magnification 10×; 
b) picture of a transverse metallographic specimen of the collecting groove Rcg of the rotor 
after an operation period of about 9000 hours, magnification 10×.

b)a)

wear of conical 
part’s surface

wear of conical 
groove in the 
form of gaps
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The effect of the material type and surface 
treatment by the hard anodic oxidisation 
of rotors made of alloys EN AW-2024 and 
EN AW-6082 upon the micro hardness dis-
tribution is shown in Figure 4. The maxi-
mum micro hardness in the surface layer 
of rotors made of alloy EN AW-6082 oc-
curred at a depth of about 10 µm, amount-
ing to 1050 MPa, whereas in the case of  
rotors made of alloy EN AW-2024, it hap-
pened at a depth of about 5 µm, reaching a 
value of 1550 MPa, respectively. The ap-
plication of hard anodic oxidation to rotors 
made of alloy EN AW-6082 allowed to 
obtain a maximum micro hardness in the 
surface layer of about 7280 MPa, whereas 
for  rotors made of alloy EN AW-2024 – at 
a depth of about 10 µm - it amounted to a 
value of about 2850 MPa. The tribological 
properties of the oxide layers and, in par-
ticular, the wear resistance depend mainly 
on their hardness  [10]. 

The wear in the collecting groove of ro-
tors that has not undergone hard anodic 
oxidation has the form of a narrowing cav-
ity, rounded at the bottom, 2.5 - 3.0 mm 
deep and about 2.0 mm wide at its upper 
part. This cavity is slightly defl ected to 
the side of the rotor bearing. Figure 5.a 
shows the form of the collecting groove 
after hard anodic oxidation and before the 
operation of rotors, whereas Figures 5.b, 
6.a and 6.b show the form of the collect-
ing groove after a period of exploitation 
of about 9000 working hours. At 10 times 
magnifi cation (Figure 5.b), the wear in 
the collecting groove is almost invisible, 
whereas at a magnifi cation of 300 times 
the wear exhibits the form of a cavity with  
rounded bottom corners of about 280 μm 
width and 60 μm depth. The hard oxide 
layer in the collecting groove was worn in 
the place where the curved linear surface 
penetrates the conical surface, inclined at 
an angle of 50°; the damage was caused 
by the moving particles of solid impurities 
during the rotational motion of the rotor. 
On both sides of the wear, a 15 μm - 20 μm 
thick oxide layer is visible. As in the case 
of non-oxidised rotors, wear in the shape 
of a cavity does not occur at the very bot-
tom but in a place slightly shifted in the 
direction of the system of bearings,   which 
is caused by the action of centrifugal and 
Coriolis forces as well as by under pres-
sure acting on the yarn.

Table 1 shows the measurement results 
of  selected parameters of the 3D geo-
metric structure of the collecting groove 
surface, Rcg, inclined at an angle of 50°, 
of rotors made of alloy EN AW-2024 be-

Table 1. Values of selected parameters of the 3D surface topography of the collecting 
groove surface, Rcg, inclined at an angle of 50° for rotors made of alloy EN AW-2024 before 
and after an exploitation period of about 6000 operating hours, as well as for those made 
of alloy EN AW-6082 after hard anodic oxidation before and after a period of exploitation 
of about 9000 operating hours.

Parameters 
of 3D surface 
topography

Rotors made of alloy EN AW-2024 
(AlCu4Mg1)

Rotors made of alloy EN AW-6082 
(AlSi1MgMn), hard anodic oxidation

Before 
operation

After operation (about 
6000 operating hours)

Before 
operation

After operation (about 
9000 operating hours)

Sa, µm   0.13   0.67   0.46   0.39
Sq, µm   0.20   0.87   0.67   0.64
Sp, µm   1.05   8.61   1.93   6.28
Sv, µm   1.79   5.87   6.09   8.76
St, µm   2.84 14.47   8.02 15.04
Sk, µm   0.46   4.34   0.90   2.41
Spk, µm   0.02   0.08   0.03   0.13
Svk, µm   0.51   1.25   1.66   3.88
Smr1, %   7.73   8.07   8.68   8.82
Smr2, % 85.90 85.62 77.52 87.67

Figure 6. Wear form of the oxide layer in the collecting groove Rcg of a rotor made of al-
loy EN AW-6082 after an operation period of about 9000 hours: a) wear in the collecting 
groove, magnifi cation 20×; b) wear in the collecting groove, magnifi cation 300×.

Figure 7. Geometric structure of a 3D surface  in the collecting groove, Rcg, of a rotor made 
of alloy EN AW-2024 before operation: Sq=0.20 µm, Sp=1.05 µm; a) surface topography 
view, b) surface ordinate distribution curve, c) surface material ratio curve.
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fore and after an operation period of about 
6000 hours, as well those for rotors made 
of alloy EN AW-6082 after hard anodic 
oxidation, before and after a period of op-
eration of about 9000 hours.

The complex characteristics of the 3D ge-
ometric structure  in the collecting groove 
of  rotors made of alloy EN AW-2024 
before and after a period of operation of 
about 6000 hours are shown in Figures 7 
and 8 (they comprise a view of the sur-
face topography, the curve of the surface 
topography ordinate distribution, and the 
material ratio curve). Characteristics of 
the rotor made of alloy EN AW-6082 after  
hard anodic oxidation, before and after a 
period of operation of about 9000 working 
hours, are shown in Figures 9 and 10.

As an example, for rotors made of alloy 
EN AW-2024 after fi nishing treatment, the 
surface roughness of the inner surface  in-
clined at an angle of 50°, of the collecting 
groove, Rcg, was as follows: Sa = 0.13 µm, 
Sq = 0.20 µm, Sp = 1.05 µm, Sv = 1.79 µm, 
St = 2.84 µm, Sk = 0.46 µm, Spk = 0.02 µm, 
and Svk = 0.51 µm. However, after a pe-
riod of exploitation of about 6000 work-
ing hours, a signifi cant increase in  surface 
roughness occurred, i.e. Sa = 0.67 µm, 
Sq = 0.87 µm, Sp = 8.61 µm, Sv = 5.87 µm, 
St = 14.47 µm, Sk = 4.34 µm, Spk = 0.08 µm, 
and Svk = 1.25 µm. As for the rotors made 
of alloy EN AW-6082, after hard anodic 
oxidation and grinding with  linen and 
abrasive paper, the surface roughness was 
as follows: Sa = 0.46 µm, Sq = 0.67 µm, 
Sp = 1.93 µm, Sv = 6.09 µm, St = 8.02 µm, 
Sk = 0.90 µm, Spk = 0.03 µm, and 
Svk = 1.66 µm; after a period of opera-
tion of about 9000 working hours there 
was a slight decrease in such parameters 
of the oxidised layer: Sa = 0.39 µm and 
Sq = 0.64 µm, and a distinct increase in 
the remaining parameters: Sp = 6.28 µm, 
Sv = 8.76 µm, St = 15.04 µm, Sk = 2.41 µm, 
Spk = 0.13 µm, and Svk = 3.88 µm. In the 
case of rotors made of alloy EN AW-2024 
(AlCu4Mg1), the 3D surface topography 
parameters of the oxidised layers which 
strongly correlate with the yarn kinetic co-
effi cient of friction, i.e. Sp and Sq [11], and 
as a result of the operation, signifi cantly 
increased:  parameter Sp  8.2 times and 
Sq 4.35 times. However, for  rotors made 
of alloy EN AW-6082 subjected to  hard 
anodic oxidation, a period of exploita-
tion of about 9000 working hours causes 
a rather modest increase in  parameter 
Sp - 3.25, but the value of the roughness 
parameter Sq is slightly smaller than its 
value before exploitation.

Figure 8. Geometric structure of the 3D surface of the oxide layer in the collecting groove, 
Rcg, a rotor made of alloy EN AW-2024 after an operation period of about 6 000 hours: 
Sq=0.87 µm, Sp=8.61 µm; a) surface topography view, b) surface ordinate distribution 
curve, c) surface material ratio curve.

Figure 9. Geometric structure of the 3D surface of the oxide layer in the collecting groove 
Rcg, of a rotor made of alloy EN AW-6082 before operation: Sq=0.67 µm, Sp=1.93 µm; 
a) surface topography view, b) surface ordinate distribution curve, c) surface material ratio 
curve.
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Microphotography of the surface in-
clined at an angle of 50° in the collecting 
groove, Rcg, of the rotor made of alloy EN 
AW-2024 before and after a period of ex-
ploitation of about 6000 working hours is 
shown in Figure 11. The rotor made of al-
loy EN AW-6082 after hard anodic oxida-
tion and grinding, before and after a period 
of operation of about 9000 hours, can be 
seen in Figure 12. The surface, inclined at 
an angle of 50°, of the collecting groove of 
the rotor not subjected to hard anodic oxi-
dation is characterised by slight roughness 
(slight traces after the operation of grind-
ing and polishing - Figure 11.a). During 
the operation of the spinning machine, 
the yarn and impurities in the collecting 
groove are pressed to its inner surface by 
the centrifugal and Coriolis forces,  gener-
ating intensive wear action.

According to the author, wear occurs due 
to the grooving process, which is in the 
form of numerous cavities of a width of 
several to a dozen micrometers. As a re-
sult, an eight-fold increase in the maxi-
mum peak heights of the surface Sp occurs 
along with a fi ve-fold increase in the maxi-
mum height of the surface topography St. 
An extended period of exploitation of up 
to about 6000 working hours causes the 
elimination of signifi cant volumes of ma-
terial from the  entire periphery of the rotor 
(Figure 3.d), and in critical cases ’cracks’ 
are generated in the collecting groove 
(Figure 3.b). The operation of hard anodic 
oxidation causes a signifi cant increase in 
the surface roughness. The traces of ma-
chining are presented (Figure 12.a). As a 
result of  the initial period of the operation,  
smoothening of the surface roughness oc-
curs. As the period of operation prolongs,  
intensive abrasion of the oxide layer oc-
curs, and on the friction surface  wear 
debris in the form of loose solid particles 
appears, as well as cavities and craters 
(Figure 12.b).

The roughness height of the oxide layer 
shows a clear increase. For example, there 
is a three times bigger increase in the max-
imum peak height of surface Sp and about 
a 1.88 times bigger increase in the maxi-
mum surface topography height St. It can 
be stated that a signifi cant increase in the 
micro hardness of the surface layer in the 
collecting groove, Rcg, of rotors causes a 
considerable decrease in the wear intensi-
ty, which is manifested in the lower inten-
sity of the increase in surface roughness.
Consequently, after the period of exploita-
tion of about 9000 working hours, a total 
removal of the oxide layer of about 50 µm 

Figure 10. Geometric structure of the 3D surface  of the oxide layer in the collecting 
groove, Rcg, of a rotor made of alloy EN AW-6082 after an operation period of about 9000 
hours: Sq=0.64 µm, Sp=6.28 µm; a) surface topography view, b) surface ordinate distribu-
tion curve, c) surface material ratio curve.

Figure 12. Microphotography of the oxide surface layer inclined at an angle of 50º in the 
collecting groove, Rcg, of rotors made of alloy EN AW-6082, (magnifi cation 1000×): a) 
before operation; b) after a period of operation of about 9000 working hours.

Figure 11. Microphotography of the surface inclined at an of angle 50º in the collecting 
groove, Rcg , of a rotor made of alloy EN AW-2024, (magnifi cation 1000×): a) before opera-
tion; b) after a period of operation of about 6000 hours.

b)a)

b)a)
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thickness and that of  the substrate layer of 
about 60 µm thickness occur on a surface 
of about 260 to 310 μm width over the en-
tire periphery of the rotor (Figure 13.a). 
Wear in the form of a groove of variable 
width on the rotor periphery is not placed 
at the point of the largest inner diameter 
but is slightly displaced towards the coni-
cal surface,  inclined at an angle of 50°. 
This is explained by the direction of the re-
sulting two forces, i.e. the centrifugal and 
Coriolis, which act on the moving yarn and 
impurities pressed to the collecting groove 
surface with an intensive wear action.

n Conclusions
In the case of  open end spinning ma-
chines, the application of hard anodic 
oxidation to  rotors made of alloy EN 
AW-6082 caused about a 2.5 times higher 
increase in rotor durability compared to 
the durability of rotors made of alloy EN 
AW-2024  not subjected to anodic oxi-
dation, which can be explained by the 5 
times higher increase in the micro hard-
ness of the oxide layer when compared to 
the micro hardness of the surface layer in 
an anodic non-oxidised collecting groove. 
The investigations have shown that with 
the proper selection of materials, rotors 
after anodic oxidation  with a proper sur-
face topography and high hardness can be 
manufactured. Such rotors assure better 
operational properties and, in particular, 
a lower friction coeffi cient, which also 
allows to obtain better quality yarn with 
a signifi cant increase in  wear resistance. 
After a period of exploitation of about 
6000 hours, exemplary wear in the collect-
ing groove without an oxide layer  ranged 
between 2.5 up and 3.0 mm at a wear in-
tensity of 0.420 - 0.500 μm/h. However, 
after hard anodic oxidation, the wear in 
the collecting groove after a period of ex-
ploitation of about 9000 hours reached a 

maximum value of 0.105 - 0.110 mm at 
a wear intensity of 0.0117 - 0.0122 μm/h.
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Figure 13. Microphotography of the surface wear in the collecting groove Rcg of a rotor 
made of alloy EN AW-6082 after a period of operation of about 9000 hours: a) wear of the 
oxide layer in the form of a cavity, magnifi cation 200×; b) wear surface at the bottom of the 
cavity, magnifi cation 1000×.
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